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1. Experimental details

1.1. General information

Unless otherwise stated, reagents and solvents were used without further purification and all
reactions were carried out under air. Commercially available chemicals were purchased at
Sigma-Aldrich, Alfa Aesar or TCIl. Hexane, CH:Cly, and ethyl acetate (EtOAc) for
chromatography were distilled prior to use. Air and moisture-sensitive reactions are explicitly
stated and were conducted under an atmosphere of nitrogen in anhydrous solvents using
Schlenk techniques. Anhydrous CH2Cl, and triethylamine were obtained by distillation over
CaH2, whereas toluene was distilled over sodium. Cooling baths were prepared using acetone
and liquid N». Thin-layer chromatography was conducted on DC Fertigfolien ALUGRAM®
Xtra SIL G/UV254 from Machery-Nagel and R values were rounded to 0.05. Compounds were
detected by fluorescence (UV light A = 254 nm) and molybdatophosphoric acid stain (prepared
from molybdatophosphoric acid (12.0 g) in EtOH (250 mL)). Flash chromatography was
performed on Fluka silica gel 60 (40—63 um) using the indicated solvents. NMR spectra were
recorded on Bruker Avance 300, Ascend 400, Avance 500, and Avance 700 spectrometers in
CDCls. The respective *H (**C)-resonance frequencies were 300 MHz (75 MHz), 400 MHz
(101 MHz), 500 MHz (126 MHz), and 700 MHz (176 MHz). Chemical shifts are given in ppm
and CDClIs (residual) solvent peaks were used as reference for *H and 3C spectra as internal
standard (*H NMR: §(CDCls) = 7.26 ppm, 1*C NMR: §(CDCl3) = 77.1 ppm). Proton and carbon
signal assignment as well as stereochemical elucidation was conducted with 2D NMR
techniques (COSY, HSQC, HMBC, NOESY). The shown numbers are freely chosen for NMR
assignment and do not match the IUPAC nomenclature. No assignment is given for previously
reported compounds. For FTIR measurements a Bruker Vektor 22 with a MKII Golden Gate
Single Reflection Diamant ATR for reduced total reflection was used. Mass spectra were
obtained on Bruker Daltonics micro-TOF-Q (ESI) and Varian MAT 711 (EI) devices.

1.2. General procedures
General procedure for the synthesis of enynes (GP1)

Under an inert atmosphere (N2), carbon tetrabromide (5.27 g, 15.9 mmol, 2.0 equiv), dissolved
in dichloromethane (15 mL), was added to a solution of triphenylphosphine (8.34 g, 31.8 mmol
4 equiv) in dichloromethane (40 mL) at 0 °C. After 15 min of stirring, the respective enal
(1.00 mL, 1.05¢g, 7.94 mmol, 1 equiv), dissolved in dichloromethane (15 mL), was added
dropwise and the reaction mixture was stirred for 3 h at the same temperature. After adding
petroleum ether, the mixture was filtered through a pad of silica and washed with petroleum
ether/EtOAc 20:1. The resulting dibromo compound was directly used without further
purification.

The respective dibromo compound was dissolved in dry THF (20 mL) and n-butyllithium
(6.99 mL, 1.12 g, 17.5 mmol, 2.5 M in hexane, 2.2 equiv) was added dropwise at —78 °C. After
stirring for 1 h, the mixture was warmed to room temperature, quenched with sat. NH4Cl
(50 mL), and extracted with EtOAc (3 x 50 mL). The organic phase was washed with sat. NaCl
(50 mL), dried (MgSOg), and concentrated. Purification by column chromatography on silica
gel yielded the desired product.
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General procedure for the synthesis of alkylated enynes (GP2)

The respective dibromo compound 29 was dissolved in dry THF (20 ml) and n-butyllithium
(1.50 mL, 3.72 mmol, 2.5 M in hexane) was added dropwise at —78 °C. After stirring for 1 h,
alkyl iodide (0.40 mL, 0.88 mg, 6.19 mmol) was added slowly to the reaction mixture, stirred
for 1 h at —78 °C and further for 16 h at room temperature. After quenching with sat. NH4Cl
(50 mL), the mixture was extracted with EtOAc (3 x 50 mL) and the organic phase was washed
with sat. NaCl (50 mL), dried (MgSOs). and concentrated. Purification by column
chromatography yielded the desired product.

General procedure for the synthesis of dienones (GP3)

Under an inert atmosphere (N2), the respective enyne (100 mg, 0.78 mmol, 1.1 equiv) was
dissolved in anhydrous toluene under absence of light and Schwartz’s reagent (205 mg,
0.80 mmol, 1.12 equiv) was added. After stirring for 1 h at 50 °C, the formed dark red solution
showed complete conversion. Acyl chloride (89.0 pL, 99.8 mg, 0.71 mmol, 1.0 equiv) and
Pd(PPhs).Cl> (24.9 mg, 35.5 umol, 0.05 equiv) was added at room temperature and the reaction
mixture was stirred for 18 h, filtered through a pad of SiO,, and washed with EtOAc. After
removing the solvent, the mixture was purified by column chromatography on silica gel.

1.3. Synthesis of 29a, 29f, and 31

(E)-(4,4-Dibromobuta-1,3-dien-1-yl)benzene (29a)

Under an inert atmosphere (N2), carbon tetrabromide (5.27 g, 15.9 mmol), dissolved in
dichloromethane (15 mL), was added to a solution of triphenylphosphine (8.34 g, 31.8 mmol)
in dichloromethane (60 mL) at 0 °C. After 15 min of stirring, (E)-cinnamaldehyde (28a,
1.00 mL, 1.05 g, 7.94 mmol), dissolved in dichloromethane (15 mL), was added dropwise and
the reaction mixture was stirred for 3 h at the same temperature. After adding petroleum ether,
the mixture was filtered through a pad of silica and washed with petroleum ether/EtOAc 20:1.
Purification by column chromatography on silica gel (petroleum ether) afforded (E)-(4,4-
dibromobuta-1,3-dien-1-yl)benzene (29a, 2.17 g, 7.53 mmol, 95%) as colorless solid.

4 2
. NN 1Br C1oHgBr
1
) ° Br 287.98
o
m
29a

Rr0.54 (petroleum ether); *H NMR (500 MHz, CDCls): 6 =6.72 (d, J = 15.7 Hz, 1H, 4-H),
6.75 - 6.84 (m, 1H, 3-H), 7.10 (d, J = 9.8 Hz, 1H, 2-H), 7.27 - 7.37 (m, 3H, m-H, p-H), 7.43 -
7.48 (m, 2H, o-H) ppm.; ¥C NMR (126 MHz, CDCls): § = 91.4 (C-1), 125.4 (C-3), 127.0
(C-0), 128.8 (C-p), 129.0 (C-m), 135.8 (C-4), 136.5 (C-i), 137.3 (C-2) ppm. Spectroscopic data
are in agreement with literature [1].

(E)-(4,4-Dibromo-2-methylbuta-1,3-dien-1-yl)benzene (29f)

Under an inert atmosphere (N2), carbon tetrabromide (4.75g, 14.3 mmol), dissolved in
dichloromethane (15 mL), was added to a solution of triphenylphosphine (7.51 g, 28.6 mmol)
in dichloromethane (60mL) at 0°C. After 15min of stirring, trans-p-methyl
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cinnamaldehyde (28f, 1.00 mL, 1.05 g, 7.16 mmol), dissolved in dichloromethane (15 mL),
was added dropwise and the reaction mixture was stirred for 3 h at the same temperature. After
adding petroleum ether, the mixture was filtered through a pad of silica and washed with
petroleum ether/EtOAc 20:1. Purification by column chromatography on silica gel (petroleum
ether) afforded (E)-(4,4-dibromo-2-methylbuta-1,3-dien-1-yl)benzene (29f, 1.85 g, 6.13 mmol,
86%) as yellow oil.

4 2 B
i X 3 X f r C11H1oBr2

P o Br
m 302.01

29f

Rr 0.77 (petroleum ether); *H NMR (700 MHz, CDCls): 6 = 2.15 (s, 3H, Me), 6.68 (s, 1H, 4-H),
7.14 (s, 1H, 2-H), 7.27 - 7.34 (m, 3H, m-H, p-H), 7.38 (t, J=7.8 Hz, 2H, o-H) ppm;
13C NMR (176 MHz, CDCls): 6 =17.3 (Me), 87.7 (C-4), 127.4 (C-p), 128.4 (C-m), 129.3 (C-0),
133.7 (C-i), 134.0 (C-3), 136.9 (C-2), 141.3 (C-1) ppm.; FT-IR (ATR): ¥ = 3055 (w), 3022 (w),
2922 (w), 2855 (w), 1950 (w), 1597 (w), 1573 (w), 1492 (w), 1443 (w), 1366 (w), 1288 (w),
1196 (w), 1157 (w), 1075 (w), 1020 (w), 1003 (w), 921 (m), 890 (m), 835 (m), 790 (s), 742 (S),
696 (s), 646 (W), 620 (W), 603 (w), 577 (W), 511 (w), 467 (w), 408 (w) cm™.; GC-MS (El): m/z
for C11H10Br» calcd.: 302 [M*], found: 302.; HRMS (EI): m / z for C11H10Br2 calcd.: 301.9149
[M*™], found: 301.9129.

(E)-1-Bromo-p-methylstyrene (31)

Triethylamine (0.04 mL, 0.03 mg 0.31 mmol) was added to a suspension of p-methylcinnamic
acid (30, 1.00 g, 6.17 mmol) in CH2Cl> (25 mL) and stirred for 5 min at room temperature.
N-bromosuccinimide (1.32 g, 7.40 mmol) was added and the reaction mixture was stirred for
1 h until no more carbon dioxide was formed. The suspension was filtered through a pad of
silica and washed with petroleum ether/EtOAc 100:1 (200 mL). Purification via column
chromatography (petroleum ether/EtOAc 100:1) yielded (E)-1-bromo-p-methylstyrene (31,
270 mg, 1.37 mmol, 22%) as colorless solid.

2
X Br CgHgBr
m 197.08
) )
m

31
Rr0.71 (petroleum ether/EtOAc 100:1).; *H NMR (400 MHz, CDCls): § = 2.33 (s, 3H, Me),
6.70 (d, J =14.0 Hz, 1H, 2-H), 7.07 (d, J = 14.0 Hz, 1H, 1-H), 7.13 (d, J = 7.9 Hz, 2H, m-H),
7.19 (d, J=7.9 Hz, 2H, 0-H) ppm.; *C NMR (75 MHz, CDCls): § = 21.4 (Me), 105.6 (C-1),
126.2 (C-0), 129.6 (C-m), 133.3 (C-i), 137.2 (C-2), 138.4 (C-p) ppm. Spectroscopic data are in
agreement with literature [2].
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1.4. Synthesis of enynes 25

(E)-But-1-en-3-yn-1-ylbenzene (25a)

According to GP1, cinnamaldehyde (28a, 1.00 mL, 1.05 mg, 7.94 mmol) was treated with
carbon tetrabromide (5.27 g, 15.9 mmol) and triphenylphosphine (8.34 g, 15.9 mmol) in
dichloromethane (70 mL) at 0 °C. The dibromo compound was dissolved in dry THF (30 mL)
and n-butyllithium (6.99 mL, 1.12 g, 17.5 mmol, 2.5 M in hexane) was added at —78 °C.
Purification by column chromatography on silica gel (petroleum ether) afforded 25a (489 mg,
3.82 mmol, 48%) as yellow oil.

3 128.17
25a

Rr 0.42 (petroleum ether); *H NMR (300 MHz, CDCls): § = 3.06 (d, J = 2.4 Hz, 1H, 1-H), 6.14
(dd, J=16.3 Hz, 2.4 Hz, 1H, 3-H), 7.05 (d, J = 16.3 Hz, 1H, 4-H), 7.29 - 7.42 (m, 5H, 0-H, m-
H, p-H) ppm.; 3C NMR (75 MHz, CDCls): 6 = 79.3 (C-1), 83.0 (C-2), 107.2 (C-3), 126.5 (C-
0), 128.9 (C-m), 129.1 (C-p), 136.0 (C-i), 143.3 (C-4) ppm. Spectroscopic data are in agreement
with literature [3].

(E)-1-(But-1-en-3-yn-1-yl)-4-methylbenzene (25b)

According to GP1, 4-methylcinnamaldehyde (28b, 500 mg, 3.42 mmol) was treated with
carbon tetrabromide (2.27 g, 6.84 mmol) and triphenylphosphine (3.59 g, 13.9 mmol) in
dichloromethane (40 mL) at 0 °C. The dibromo compound was dissolved in dry THF (20 mL)
and n-butyllithium (2.48 mL, 398 mg, 6.21 mmol, 2.5 M in hexane) was added at —78 °C.
Purification by column chromatography on silica gel (petroleum ether) afforded 25b (257 mg,
1.81 mmol, 53%) as yellow oil.

2 C11Hqo
142.20

25b

Rr 0.37 (petroleum ether); *H NMR (500 MHz, CDCls): 6=2.35 (s, 3H, Me), 3.03 (d,
J=2.3Hz, 1H, 1-H), 6.08 (dd, J = 16.4 Hz, 2.3 Hz, 1H, 3-H), 7.02 (d, J = 16.3 Hz, 1H, 4-H),
7.14 (d, J = 7.9 Hz, 2H, 0-H), 7.27 - 7.31 (m, 2H, m-H) ppm.; *3C NMR (126 MHz, CDCls):
0 =21.3(Me), 78.8 (C-1), 83.1 (C-2), 105.9 (C-3), 126.3 (C-m), 129.5 (C-0), 133.1 (C-4), 139.1
(C-1), 143.1 (C-p) ppm. Spectroscopic data are in agreement with literature [4].

(E)-1-(But-1-en-3-yn-1-yl)-4-chlorobenzene (25c)

According to GP1, 4-chlorocinnamaldehyde (28c, 300 mg, 1.80 mmol) was treated with carbon
tetrabromide (1.19g, 3.60 mmol) and triphenylphosphine (1.89g, 7.20 mmol) in
dichloromethane (40 mL) at 0 °C. The dibromo compound was dissolved in dry THF (20 mL)
and n-butyllithium (1.58 mL, 254 mg, 3.96 mmol, 2.5 M in hexane) was added at —78 °C.
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Purification by column chromatography on silica gel (petroleum ether/EtOAc 40:1) afforded
25¢ (140 mg, 48%, 0.86 mmol) as yellow solid.

o 4 =

Z C1oH-Cl

162.62

25¢c

Rr 0.62 (petroleum ether/EtOAc 40:1); *H NMR (400 MHz, CDCls): 6 = 3.07 (dd, J = 2.3 Hz,
0.7 Hz, 1H, 1-H), 6.10 (dd, J = 16.3 Hz, 2.4 Hz, 1H, 3-H), 6.99 (dd, J = 16.4 Hz, 0.7 Hz, 1H,
4-H), 7.31 (m, 4H, o-H, m-H) ppm.; 3C NMR (101 MHz, CDCls) 5 = 79.8 (C-1), 82.6 (C-2),
107.7 (C-3), 1275 (C-0), 129.0 (C-m), 134.4 (C-p), 134.7 (C-i), 141.8 (C-4) ppm.
Spectroscopic data are in agreement with literature [4].

(E)-1-(But-1-en-3-yn-1-yl)-4-nitrobenzene (25d)

According to GP1, 4-nitrocinnamaldehyde (28d, 560 mg, 3.16 mmol) was treated with carbon
tetrabromide (2.10 g, 6.32 mmol), triphenylphosphine (3.32 g, 9.71 mmol) in dichloromethane
(40 mL) at 0 °C. The dibromo compound was dissolved in dry THF (20 mL) and n-butyllithium
(2.78 mL, 446 mg, 5.34 mmol, 2.5 M in hexane) was added at —78 °C. Purification by column
chromatography on silica gel (petroleum ether/EtOAc 20:1) afforded 25d (21.0 mg, 0.12 mmol,
4%) as yellow oil.

O,N7,
25d

Rr0.36 (petroleum ether/EtOACc 20:1); *H NMR (500 MHz, CDCls) 6 = 3.14 (d, J = 2.3 Hz, 1H,
1-H), 6.22 (dd, J = 16.4 Hz, 2.4 Hz, 1H, 3-H), 7.00 (d, J = 16.3 Hz, 1H, 4-H), 7.43 - 7.49 (m,
2H, 0-H), 8.10 - 8.16 (m, 2H, m-H) ppm.; *C NMR (126 MHz, CDCls): § = 81.9 (C-1), 82.0
(C-2), 111.9 (C-3), 124.2 (C-m), 126.9 (C-0), 140.5 (C-4), 142.0 (C-i), 147.7 (C-p) ppm.; GC-
MS (El): m/z for C10H7NO2 [M]: 173.0.; HRMS (EI): m/ z for C10H7NO> calcd.: 173.0471
[M], found: 173.0473.; FT-IR (ATR): v = 3310 (w), 3254 (s), 2954 (m), 2924 (m), 2856 (m),
1594 (s), 1505 (vs), 1343 (vs), 1319 (s), 1105 (m), 968 (m), 949 (s), 865 (m), 827 (s), 746 (),
687 (s), 654 (s), 535 (m), 511 (s) cm™ Spectroscopic data are in agreement with literature [5]

(E)-Undec-3-en-1-yne (25e)

According to GP1 dec-2-enal (28e, 595 uL, 500 mg, 3.24 mmol) was treated with carbon
tetrabromide (2.15g, 6.48 mmol) and triphenylphosphine (3.40g, 13.0 mmol) in
dichloromethane (60 mL) at 0 °C. The dibromo compound was dissolved in dry THF (20 mL)
and n-butyllithium (2.85 mL, 457 mg, 7.13 mmol, 2.5 M in hexane) was added at —78 °C.
Purification by column chromatography on silica gel (petroleum ether) afforded 25e (376 mg,

2.50 mmol, 77%) as colorless oil.
;

W CriHie
25e
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Rr0.71 (petroleum ether); *H NMR (500 MHz, CDCls): 6 = 0.88 (t, J = 6.9 Hz, 3H, 11-H), 1.20
-1.34 (m, 8H, 6-H, 7-H, 8-H, 9-H), 1.34 - 1.45 (m, 2H, 5-H), 2.10 (qd, J = 7.2 Hz, 1.6 Hz, 2H,
10-H), 2.77 (d, J=2.2 Hz, 1H, 1-H), 5.45 (dg, J=16.0 Hz, 1.8 Hz, 1H, 4-H), 6.25 (dt,
J =15.9 Hz, 7.0 Hz, 1H, 3-H) ppm.; 1*C NMR (126 MHz, CDCls): 6 = 14.1 (C-11), 22.7 (C-9),
28.6 (C-8), 29.1(C-5), 29.1 (C-7), 31.8 (C-6), 33.0 (C-10), 75.5 (C-1), 82.6(C-2), 108.4 (C-4),
147.1 (C-3) ppm.; GC-MS (El): m/ z for C11H17* [M]*: 149.1.; HRMS (ESI): m/ z for C11H17"
calcd.: 149.1325 [M]*, found: 149.1326.; FT-IR (ATR): v = 3314 (m), 3023 (m), 2957 (vs),
2924 (s), 2855 (), 2163 (w), 2106 (w), 1630 (w), 1465 (m), 1378 (w), 1198 (w), 1034 (w), 956
(vs), 723 (w), 633 (vs), 602 (vs), 417 (w) cm™.

(E)-(2-Methylbut-1-en-3-yn-1-yl)benzene (25f)

According to GP1, trans-a-methylcinnamaldehyde (28f, 1.00 mL, 1.05g, 7.16 mmol) was
treated with carbon tetrabromide (4.75g, 14.3mmol) and triphenylphosphine
(7.51 g, 28.6 mmol) in dichloromethane (60 mL) at 0°C. The dibromo compound was
dissolved in dry THF (20 mL) and n-butyllithium (3.70 mL, 9.25 mmol, 2.5 M in hexane) was
added at —78 °C. Purification by column chromatography on silica gel (petroleum ether)
afforded 25f (288 mg, 2.03 mmol, 48%) as yellow oil.

4 2z C11H1o
Y, ~
142.20
P 0
m
25f

Rr 0.63 (petroleum ether); *H NMR (400 MHz, CDCls): 6 =2.10 (s, 3H, Me), 2.99 (s, 1H, 1-H),
6.95 (s, 1H, 4-H), 7.25 - 7.34 (m, 3H, m-H, p-H), 7.38 (t, J=7.6 Hz, 2H, o-H) ppm;
13C NMR (101 MHz, CDCls): § = 19.1 (Me), 76.0 (C-1), 87.6 (C-2), 119.0 (C-3), 127.5 (C-p),
128.4 (C-m), 129.1 (C-0), 136.6 (C-i), 137.6 (C-4) ppm. Spectroscopic data are in agreement
with literature [6].

(E)-Pent-1-en-3-yn-1-ylbenzene (259)

According to GP2, dibromo compound 29a (1.15 g, 3.98 mmol) was dissolved in dry THF
(20 mL) and n-butyllithium (3.50 mL, 8.76 mmol, 2.5 M in hexane) was added at —78 °C. After
1h, iodomethane (1.20 mL, 2.82 mg, 19.9 mmol) was added. Purification by column
chromatography on silica gel (petroleum ether) afforded 25g (307 mg, 2.16 mmol, 54%) as
yellow oil.

S 1 C11H1o

» . 142.20

25g
Rr 0.37 (petroleum ether); *H NMR (700 MHz, CDCls): 6 =2.01 (d, J=2.4 Hz, 3H, 1-Me),
6.13 (dg, J = 16.2 Hz, 2.4 Hz, 1H, 3-H), 6.86 (d, J =16.2 Hz, 1H, 4-H), 7.24 - 7.27 (m, 1H,
p-H), 7.31 (t, J=7.6Hz, 2H, m-H), 7.36 (d, J=8.4Hz, 2H, o-H)ppm.; *C NMR
(176 MHz, CDCl3): 6 = 4.7 (4-Me), 79.1 (C-2), 88.5 (C-1), 109.0 (C-3), 126.2 (C-m), 128.4
(C-p), 128.8 (C-0), 136.7 (C-4), 140.2 (C-i) ppm. Spectroscopic data are in agreement with
literature [7].
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(E)-(2-Methylpent-1-en-3-yn-1-yl)benzene (25h)

According to GP2, dibromo compound 29f (0.37 g, 1.24 mmol) was dissolved in dry THF
(20 mL) and n-butyllithium (1.50 mL, 3.72 mmol, 2.5 M in hexane) was added at —78 °C. After
1 h, iodomethane (0.40 mL, 0.88 mg, 6.19 mmol) was added. Purification by column
chromatography on silica gel (petroleum ether) afforded 25h (74.0 mg, 0.47 mmol, 38%) as
colorless oil.

‘ 4\3 f 1 Ci2H12
1
P o) 15623
m
25h

Rr 0.57 (petroleum ether); *H NMR (700 MHz, CDCls): 6 = 2.00 (s, 3H, 1-Me), 2.03 (s, 3H, 3-
Me), 6.75 (s, 1H, 4-H), 7.21 - 7.24 (m, 1H, p-H), 7.24 - 7.27 (m, 2H, m-H), 7.31 - 7.35 (m, 2H,
0-H) ppm.; *C NMR (176 MHz, CDCls): 6 = 4.5 (1-Me), 19.5 (3-Me), 83.6 (C-2), 84.9 (C-1),
120.6 (C-3), 127.0 (C-p), 128.3 (C-m), 129.0 (C-0), 134.8 (C-i), 137.2 (C-4) ppm.
Spectroscopic data are in agreement with literature [2].

(E)-Hex-1-en-3-yn-1-ylbenzene (25i)

According to GP2, dibromo compound 29a (1.68 g, 5.84 mmol) was dissolved in dry THF
(20 mL) and n-butyllithium (5.20 mL, 12.8 mmol, 2.5 M in hexane) was added at —78 °C. After
1h, iodoethane (2.40 mL, 4.56 mg, 29.2 mmol) was added. Purification by column
chromatography on silica gel (petroleum ether) afforded 25i (240 mg, 1.54 mmol, 26%) as
yellow oil.

CqoH12

156.23

25i

Rr 0.37 (petroleum ether); *H NMR (500 MHz, CDCls): 6 = 1.21 (t, J = 7.5 Hz, 3H, CH.CHj3),
2.34-2.43 (m, 2H, CH,CH3), 6.16 (dt, J = 16.2 Hz, 2.2 Hz, 1H, 3-H), 6.87 (d, J = 16.2 Hz, 1H,
4-H), 7.22 - 7.40 (m, 5H, o-H, m-H, p-H) ppm.; ¥C NMR (126 MHz, CDCls): 6 =13.5
(CH2CHs3), 14.1 (CH2CH3), 79.2 (C-2), 94.4 (C-1), 109.0 (C-3), 126.2 (C-0), 128.4 (C-p), 128.8
(C-m), 136.7 (C-i), 140.2 (C-4) ppm. Spectroscopic data are in agreement with literature [8].

(E)-(2-Methylhex-1-en-3-yn-1-yl)benzene (25j)

According to GP2, dibromo compound 29f (1.04 g, 3.46 mmol) was dissolved in dry THF
(20 mL) and n-butyllithium (3.00 mL, 7.61 mmol, 2.5 M in hexane) was added at —78 °C. After
1h, iodoethane (1.40mL, 2.70 mg, 17.3 mmol) was added. Purification by column
chromatography on silica gel (petroleum ether) afforded 25j (191 mg, 1.12 mmol, 33%) as
colorless oil.
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CizH1a

170.26

25j

R 0.63 (petroleum ether); *H NMR (500 MHz, CDCls): § = 1.21 (t, J = 7.5 Hz, 3H, CH2CHj),
2.04 (d, J =1.5Hz, 3H, Me), 2.38 (q, J = 7.5 Hz, 2H, CH2CH3), 6.77 (s, 1H, 4-H), 7.19 - 7.29
(m, 3H, p-H, m-H), 7.33 (t, J = 7.7 Hz, 2H, 0-H) ppm.; *3C NMR (126 MHz, CDCls): § = 13.3
(CH2CHs3), 14.2 (CH2CHs3), 19.6 (Me), 83.7 (C-2), 90.8 (C-1), 120.6 (C-3), 127.0 (C-p), 128.3
(C-m), 129.0 (C-0), 134.8 (C-i), 137.3 (C-4) ppm.; FT-IR (ATR): ¥ = 3060 (w), 3022 (w), 2976
(m), 2937 (m), 2917 (w), 2877 (w), 1614 (w), 1597 (w), 1573 (w), 1492 (w), 1442 (m), 1376
(w), 1320 (m), 1241 (w), 1195 (w), 1076 (w), 1045 (w), 1031 (w), 981 (w), 919 (w), 867 (w),
758 (m), 717 (m), 696 (s), 600 (w), 508 (w), 433 (w), 416 (w) cm™.; GC-MS (EI): m/ z for
CisHia caled.: 170 [M™], found: 170.; HRMS (EI): m/ z for Ci3H14 calcd.: 170.1096 [M™],
found: 170.1096.

Ethyl (E)-5-phenylpent-4-en-2-ynoate (25k)

Under an inert atmosphere, (E)-(2-methylbut-1-en-3-yn-1-yl)benzene (25a, 0.19 g, 1.48 mmol)
was dissolved in abs. THF (2 mL) at =78 °C and n-buthyllithium (0.62 mL, 1.55 mmol, 2.5 M
in hexane) was added dropwise. After 1.5 h, ethyl chloroformate (0.17 mL, 0.19 g, 1.78 mmol)
was added, and the mixture stirred for 2 h at the same temperature and further for 16 h at room
temperature. The reaction mixture was poured into sat. NH4Cl solution (30 mL), extracted with
EtOAc (3 x 20 mL) and the organic phase was dried (MgSQas), and concentrated. Purification
by column chromatography (petroleum ether/EtOAc 20:1) yielded ethyl (E)-4-methyl-5-
phenylpent-4-en-2-ynoate (25k, 163 mg, 0.81 mmol, 55%) as orange oil.

25k

Rr 0.57 (petroleum ether/EtOAc 20:1); *H NMR (700 MHz, CDCls): 6 = 1.34 (t, J = 7.2 Hz,
3H, CH2CH3), 4.27 (q, J =7.2 Hz, 2H, CH2CH3), 6.21 (d, J =16.3 Hz, 1H, 4-H), 7.26 (d,
J=16.3Hz, 1H, 5-H), 7.35 - 7.39 (m, 3H, m-H, p-H), 7.41 - 7.45 (m, 2H, o-H) ppm.;
13C NMR (176 MHz, CDCl3): § = 14.2 (CH2CHs), 62.2 (CH2CH3), 82.5 (C-2), 86.0 (C-3),
104.9 (C-4), 127.1 (C-m), 129.1 (C-0), 130.2 (C-p), 135.2 (C-5), 147.8 (C-i), 154.2 (C-1) ppm.
Spectroscopic data are in agreement with literature [9].

Ethyl (E)-4-methyl-5-phenylpent-4-en-2-ynoate (25I)

Under an inert atmosphere, (E)-(2-methylbut-1-en-3-yn-1-yl)benzene (25f, 338 mg,
2.38 mmol) was dissolved in abs. THF (5mL) at —78 °C and n-buthyllithium (1.00 mL,
2.50 mmol, 2.5 M in hexane) was added dropwise. After 1.5 h, ethyl chloroformate (0.17 mL,
0.19 g, 1.78 mmol) was added, the mixture stirred for 2 h at the same temperature and for
further 16 h at room temperature. The reaction mixture was poured into sat. NH4ClI solution
(40 mL), extracted with EtOAc (3 x 30 mL) and the organic phase was dried (MgSOa) and
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concentrated. Purification by column chromatography (petroleum ether/EtOAc 80:1) yielded
ethyl (E)-4-methyl-5-phenylpent-4-en-2-ynoate (25l, 415 mg, 1.94 mmol, 82%) as orange oil.

25]

Rr 0.29 (petroleum ether/EtOAc 80:1); *H NMR (500 MHz, CDCls):6 = 1.34 (t, J = 7.1 Hz, 3H,
CH2CHg), 2.12 (d, J = 1.5 Hz, 3H, CH3), 4.27 (9, J = 7.2 Hz, 2H, CH2CH3), 7.11 (d, J = 1.7 Hz,
1H, 5-H), 7.31 (d, J= 7.6 Hz, 3H, m-H, p-H), 7.34 - 7.41 (m, 2H, o-H) ppm.; *C NMR
(126 MHz, CDClz): 6 = 14.2 (CH2CH3), 18.4 (Me), 62. 1 (CH2CH3), 79.5 (C-2), 90.2 (C-3),
117.0 (C-4), 128.4 (C-p), 128.6 (C-m), 129.4 (C-0), 135.9 (C-i), 141.9 (C-1), 154.4 (C-1) ppm.
Spectroscopic data are in agreement with literature [9].

(E)-(4-Bromobut-1-en-3-yn-1-yl)benzene (25m)
(E)-(4,4-Dibromobuta-1,3-dien-1-yl)benzene (29a, 0.92 g, 3.20 mmol) was dissolved in DMF
(20 mL) and TBAF-3H>0 (5.05 g, 16.0 mmol) was added and the mixture stirred for 1 h at
60 °C. After cooling to room temperature, the reaction mixture was poured into diethyl ether
(75 mL) and washed with H.O (50 mL). The solution was extracted with diethyl ether
(3 x 50 mL), washed with sat. NaCl solution, dried (MgSQas), and concentrated. Purification by
column  chromatography (petroleum ether) vyielded (E)-(4-bromobut-1-en-3-yn-1-
yl)benzene (25m, 84 mg, 0.41 mmol, 13%) as orange oil.

Br

1
4\ é C10H7Br
iy 2
p 0 207.07

m
25m

Rf 0.57 (petroleum ether); 'H NMR (500 MHz, CDCls): 6 =6.12 (d, J = 16.2 Hz, 1H, 3-H),
7.01(d, J =16.2 Hz, 1H, 4-H), 7.27 - 7.36 (m, 3H, m-H, p-H), 7.36 - 7.39 (m, 2H, o-H) ppm.;
13C NMR (126 MHz, CDCl3): 6 =51.4 (C-1), 79.5 (C-2), 107.7 (C-3), 126.4 (C-m), 128.9
(C-0), 129.1 (C-p), 135.9 (C-i), 143.1 (C-4) ppm. Spectroscopic data are in agreement with
literature [9].

(E)-(4-Bromo-2-methylbut-1-en-3-yn-1-yl)benzene (25n)
(E)-(4,4-Dibromobuta-1,3-dien-1-yl)benzene (29f, 1.70 g, 5.64 mmol) was dissolved in DMF
(30 mL) and TBAF-3H20 (8.89 g, 28.2 mmol) was added and the mixture stirred for 1.5 h at
60 °C. After cooling to room temperature, the reaction mixture was poured into diethyl ether
(75 mL) and washed with H.O (50 mL). The solution was extracted with diethyl ether
(3 x 50 mL), washed with sat. NaCl solution, dried (MgSQas), and concentrated. Purification by
column chromatography (petroleum ether) yielded (E)-(4-bromo-2-methylbut-1-en-3-yn-1-
yl)benzene (25n, 647 mg, 2.93 mmol, 52%) as yellow oil.
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4 2z C11HgBr
221.10

25n

Rr 0.57 (petroleum ether); *H NMR (700 MHz, CDCls): § = 2.07 (d, J = 1.5 Hz, 3H, Me), 6.88
(s, 1H, 4-H), 7.25 - 7.33 (m, 3H, p-H, m-H), 7.33 - 7.38 (m, 2H, o-H) ppm.; *C NMR
(176 MHz, CDClz): 0 = 19.0 (Me), 48.4 (C-4), 83.8 (C-3), 119.6 (C-2), 127.6 (C-p), 128.5 (C-
m), 129.1 (C-0), 136.5 (C-i), 137.4 (C-1) ppm.; FT-IR (ATR): ¥ = 3082 (w), 3059 (w), 3024
(w), 2980 (w), 2955 (w), 2919 (w), 2857 (w), 2177 (w), 2026 (w), 1996 (w), 1598 (w), 1574
(w), 1494 (w), 1442 (m), 1378 (w), 1293 (w), 1228 (w), 1184 (w), 1157 (w), 1076 (w), 1032
(w), 1009 (w), 919 (w), 871 (w), 748 (m), 696 (s), 618 (W), 571 (W), 509 (w), 427 (w) cm™.;
GC-MS (El): m/ z for C11HgBr calcd.: 221 [M™], found: 222.; HRMS (EI): m/ z for C11HoBr
calcd.: 219.9888 [M "], found: 219.9888.

(E)-1-Methyl-4-(pent-1-en-3-yn-1-yl)benzene (250)

Under an inert atmosphere, (E)-1-bromo-p-methylstyrene (31) was dissolved in 3.20 mL
benzene and tetrakis(triphenylphosphine)palladium(0) (16 mg, 0.01 mmol) was added. 1-
propynylmagnesium bromide (3.20 mL, 0.23 mg, 0.5 M in THF) was added at 0 °C. The
reaction mixture was stirred further for 24 h at room temperature and quenched with
HCI solution (10 mL, 1 M), extracted with diethyl ether (3 x 35 mL), and dried (MgSOa).
Column chromatography on silica gel (petroleum ether) yielded (E)-1-methyl-4-(pent-1-en-3-
yn-1-yl)benzene (250, 86 mg, 0.55 mmol, 41%) as yellow oil.

C12H12

156.23

250

Rr 0.37 (petroleum ether); *H NMR (500 MHz, CDCls): 6 = 2.01 (d, J = 2.4 Hz, 3H, 1-Me),
2.34 (s, 3H, p-Me), 6.08 (dq, J =16.2 Hz, 2.4 Hz, 1H, 4-H), 6.84 (d, J = 16.2 Hz, 1H, 3-H),
7.12 (d, J=7.9Hz, 2H, m-H), 7.26 (d, J=8.1 Hz, 2H, o-H) ppm.; **C NMR (126 MHz,
CDCl3): 0 = 4.7 (p-Me), 21.4 (1-Me), 79.2 (C-1), 88.0 (C-2), 107.8 (C-3), 126.1 (C-0), 129.5
(C-m), 133.9 (C-i), 138.4 (C-4), 140.2 (C-p) ppm. Spectroscopic data are in agreement with
literature [8].

2-Ethynyl-6,6-dimethylbicyclo[3.1.1]hept-2-ene (25p)

According to GP1, (—)-myrtenal (28p, 0.51 mL, 500 mg, 3.33 mmol) was treated with carbon
tetrabromide (2.21g, 6.66 mmol) and triphenylphosphine (3.46g, 13.1 mmol) in
dichloromethane (60 mL) at 0 °C. The dibromo compound dissolved in dry THF (20 mL) and
n-butyllithium (2.93 mL, 469 mg, 7.32 mmol, 25 M in hexane) was added at —78 °C.
Purification by column chromatography on silica gel (petroleum ether) afforded 25p (385 mg,
2.56 mmol, 77%) as colorless oil.
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Z
ﬂ’ 3 {// Ci1H1s
3 J4 146.23

25p

Rr 0.71 (petroleum ether); *H NMR (500 MHz, CDCls): 6= 0.89 (s, 3H, Me?), 1.24 (d,
J=9.1Hz, 1H, 9-Ha), 1.29 (s, 3H, Me?), 2.08 - 2.13 (m, 1H, H-6), 2.25 - 2.30 (m, 1H, H-8),
2.30 - 2.37 (m, 2H, 5-H), 2.38 - 2.44 (m, 1H, 9-Hg), 2.98 (d, J = 1.0 Hz, 1H, 1-H), 6.01 - 6.12
(m, 1H, 4-H) ppm.; 3C NMR (126 MHz, CDCls): 6 =21.0 (Me?), 26.0 (Me?), 31.4 (C-9), 32.0
(C-5),38.0(C-7), 40.2 (C-6), 46.8 (C-8), 76.7 (C-1), 84.5 (C-2), 129.1 (C-3), 132.7 (C-4) ppm.;
GC-MS (El): m/z for C11H14™ [M]": 146.1.; HRMS (ESI): m/ z for C11H14" calcd.: 146.1090
[M]*, found: 146.1090.; FT-IR (ATR): ¥ = 3310 (s), 3031 (w), 2986 (s), 2950 (vs), 2921 (vs).
2888 (s), 2829 (m), 2092 (m), 1610 (w), 1468 (m), 1428 (m), 1383 (m), 1321 (m), 1265 (m),
1204 (m), 1115 (m), 1083 (m), 966 (m), 886 (m), 806 (s), 763 (M), 635 (s), 589 (s), 520 (M),
484 (w), 465 (w), 447 (W), 434 (w), 409 (w) cm™ Spectroscopic data are in agreement with
literature [10].
1.5. Synthesis of dienones 27

(2E,4E)-1,5-Diphenylpenta-2,4-dien-1-one (27aa)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 100 mg, 0.78 mmol) was treated with
Schwartz’s reagent (205 mg, 0.80 mmol), benzoyl chloride (26a, 89.0 pL, 99.8 mg,
0.71 mmol), and Pd(PPh3).Cl> (24.9 mg, 35.5 umol). Purification by column chromatography

on silica gel (petroleum ether/EtOAc 50:1) afforded 27aa (91 mg, 0.39 mmol, 55%) as yellow
solid.

C17H140
234.30

27aa

Rr 0.23 (petroleum ether/EtOAc 50:1); *H NMR (700 MHz, CDCls): 6 = 7.00 - 7.07 (m, 2H, 4-
H, 5-H), 7.10 (d, J = 15.0 Hz, 1H, 2-H), 7.30 - 7.35 (m, 1H, p-H), 7.36 - 7.41 (m, 2H, m-H),
7.47 - 7.54 (m, 4H, 0-H, m'-H), 7.55 - 7.65 (m, 2H, 3-H, p'-H), 7.96 - 8.00 (m, 2H, 0'-H) ppm.
; 3C NMR (126 MHz, CDCls): 6 = 125.6 (C-2), 127.1 (C-4), 127.5 (C-0), 128.6 (C-0"), 128.7
(C-m"), 129.0 (C-m), 129.4 (C-p), 132.8 (C-p"), 136.3 (C-i), 138.4 (C-i"), 142.1 (C-5), 145.0 (C-
3), 190.7 (C-1) ppm. Spectroscopic data are in agreement with literature [11].

(2E,4E)-5-Phenyl-1-(p-tolyl)penta-2,4-dienone (27ab)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 100 mg, 0.78 mmol) was treated with
Schwartz’s reagent (205 mg, 0.80 mmol), p-toluoyl chloride (26b, 93.8 puL, 110 mg,
0.71 mmol) and Pd(PPh3).Cl> (24.9 mg, 35.5 umol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 40:1) afforded 27ab (100 mg, 0.40 mmol, 57%) as yellow
solid.
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C1gH160
248 .33

27ab

Rr 0.31 (petroleum ether/EtOAc 20:1); *H NMR (500 MHz, CDCls): 6 = 2.43 (s, 3H, Me), 6.97
- 7.07 (m, 2H, 4-H, 5-H), 7.10 (d, J = 15.0 Hz, 1H, 2-H), 7.27 - 7.35 (m, 3H, m'-H, p-H), 7.35
- 7.41 (m, 2H, m-H), 7.48 - 7.53 (m, 2H, 0-H), 7.60 (ddd, J = 15.0 Hz, 8.6 Hz, 1.7 Hz, 1H, 3-
H), 7.87 - 7.93 (m, 2H, 0'-H) ppm.; *C NMR (126 MHz, CDCls): § = 21.7 (Me), 125.5 (C-2),
127.1 (C-4), 127.3 (C-0), 128.6 (C-0"), 128.9 (C-m), 129.2 (C-p), 129.3 (C-m'), 135.7 (C-i),
136.2 (C-p"), 141.6 (C-3), 143.5 (C-5), 144.4 (C-i"), 190.0 (C-1) ppm. Spectroscopic data are in
agreement with literature [12].

(2E,4E)-5-Phenyl-1-(o-tolyl)penta-2,4-dienone (27ac)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 110 mg, 0.86 mmol) was treated with
Schwartz’s reagent (225 mg, 0.88 mmol), o-toluoyl chloride 26¢ (102 pL, 121 mg, 0.78 mmol)
and Pd(PPhs).Cl> (27.4 mg, 39.0 umol). Purification by column chromatography on silica gel
(petroleum ether/EtOAc 40:1) afforded 27ac (32 mg, 0.13mmol, 17%) as yellow solid.

O
o

NI A C1gH160
" O 578 T O 248.33
p o’

27ac

Rr 0.37 (petroleum ether/EtOAC 20:1); *H NMR (500 MHz, CDCls): 6 = 2.48 (s, 3H, Me), 6.72
(d, J=15.3 Hz, 1H, 2-H), 6.93 - 7.06 (m, 2H, 4-H, 5-H), 7.27 - 7.33 (m, 3H, 3-H, m-Ha, p-H),
7.34 - 7.45 (m, 4H, m-Hg, m-H, p'-H), 7.51 (m, 3H, 0-H, 0'-H) ppm.; 1*C NMR (126 MHz,
CDCl3): 6 = 20.2 (Me), 125.5 (C*-m"), 126.8 (C-4), 127.3 (C-0), 128.0 (C!-0"), 128.9 (C-m),
129.3 (C?-m’), 130.2 (C-2), 130.4 (C-p"), 131.3 (C-p), 136.0 (C-i), 136.8 (C?-0'), 139.2 (C-i",
141.9 (C-5), 146.0 (C-3), 196.7 (C-1) ppm. Spectroscopic data are in agreement with literature
[12].

(2E,4E)-1-(p-Fluorophenyl)-5-phenylpenta-2,4-dienone (27ad)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 100 mg, 0.78 mmol) was treated with
Schwartz’s reagent (205 mg, 0.80 mmol), p-fluorobenzoyl chloride (26d, 83.8 puL, 112 mg,
0.71 mmol) and Pd(PPhs).Cl> (24.9 mg, 35.5 pumol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 20:1) afforded 27ad (33 mg, 0.13 mmol, 19%) as yellow
solid.
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Rr 0.37 (petroleum ether/EtOAc 20:1); *H NMR (500 MHz, CDCls): 6 = 7.03 (d, J = 6.4 Hz,
2H, 4-H, 5-H), 7.07 (d, J = 15.0 Hz, 1H, 2-H), 7.12 - 7.20 (m, 2H, m-H), 7.31 - 7.42 (m, 3H,
m-H, p-H), 7.49 - 7.53 (m, 2H, o-H), 7.61 (ddd, J = 15.0 Hz, 6.3 Hz, 3.9 Hz, 1H, 3-H), 7.98 -
8.05 (m, 2H, 0'-H) ppm.; 3C NMR (126 MHz, CDCls): 6 = 115.6 (C'-m"), 115.8 (C?-m’), 124.9
(C-2),126.8 (C-4), 127.3 (C-0), 128.9 (C-m), 129.3 (C-p), 130.9 (C-p"), 131.0 (C-0"), 134.6 (C-
i), 136.1 (C-i), 142.2 (C-5), 145.1 (C-3), 188.8 (C-1) ppm. Spectroscopic data are in agreement
with literature [12].

(2E,4E)-1-(p-Chlorophenyl)-5-phenylpenta-2,4-dienone (27ae)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 100 mg, 0.78 mmol) was treated with
Schwartz’s reagent (205 mg, 0.80 mmol), p-chlorobenzoyl chloride (26e, 97.7 pL, 124 mg,
0.71 mmol) and Pd(PPh3).Cl> (24.9 mg, 35.5 umol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 20:1) afforded 27ae (19 mg, 70.7 pmol, 10%) as yellow
solid.

268.74

27ae

Rr 0.43 (petroleum ether/EtOAc 10:1); *H NMR (500 MHz, CDCls): & = 7.01 - 7.07 (m, 3H, 2-
H, 4-H, 5-H), 7.32 - 7.41 (m, 3H, m-H, p-H), 7.44 - 7.48 (m, 2H, m-H), 7.49 - 7.54 (m, 2H, o-
H), 7.61 (ddd, J = 15.0 Hz, 7.3 Hz, 3.1 Hz, 1H, 3-H), 7.89 - 7.95 (m, 2H, 0'-H) ppm.; 3C NMR
(126 MHz, CDCls): 0 = 124.8 (C-2), 126.8 (C-4), 127.4 (C-0), 128.9 (C-m"), 128.9 (C-m), 129.4
(C-p), 129.8 (C-0", 136.0 (C-p"), 136.6 (C-i), 139.1 (C-i"), 142.4 (C-5), 145.4 (C-3), 189.2 (C-
1) ppm. Spectroscopic data are in agreement with literature [13].

(2E,4E)-1-(p-Bromophenyl)-5-phenylpenta-2,4-dienone (27af)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 104 mg, 0.81 mmol) was treated with
Schwartz’s reagent (213 mg, 0.83 mmol), p-bromobenzoyl chloride (26f, 162 mg, 0.74 mmol)
and Pd(PPhs).Cl> (25.9 mg, 36.9 pumol). Purification by column chromatography on silica gel
(petroleum ether/EtOAc 30:1) afforded 27af (47.0 mg, 0.15 mmol, 20%) as yellow solid.

C17H13BrO
313.19

27af

Rr 0.43 (petroleum ether/EtOAc 20:1); *H NMR (400 MHz, CDCI3): 6 = 6.90 - 7.02 (m, 3H, 5-
H, 4-H, 2-H), 7.23 - 7.35 (m, 3H, m-H, p-H), 7.40 - 7.46 (m, 2H, 0-H), 7.50 - 7.60 (m, 3H, 3-
H, m-H), 7.74 - 7.81 (m, 2H, 0'-H) ppm.; *C NMR (176 MHz, CDCls): § = 124.8 (C-5), 126.8
(C-4),127.4 (C-0), 127.8 (C-p"), 128.9 (C-m), 129.4 (C-p), 129.9 (C-0"), 131.9 (C-m"),136.0 (C-
i), 136.9 (C-i'), 142.5 (C-2), 145.4 (C-3), 189.4 (C-1) ppm. Spectroscopic data are in agreement
with literature [13].
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(2E,4E)-1-(4-Nitrophenyl)-5-phenylpenta-2,4-dienone (27ag)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 100 mg, 0.78 mmol) was treated with
Schwartz’s reagent (205 mg, 0.80 mmol), 4-nitrobenzoyl chloride (26g, 132 mg, 0.71 mmol)
and Pd(PPhs).Cl2 (24.9 mg, 35.5 pmol). Purification by column chromatography on silica gel
(petroleum ether/EtOAc 20:1) afforded 27ag (58 mg, 0.30 mmol, 30%) as yellow solid.

C47H413NO3
279.30

NO,

27ag

Rr 0.42 (petroleum ether/EtOAc 10:1); *H NMR (400 MHz, CDCls): § = 6.99 - 7.13 (m, 3H, 2-
H, 4-H, 5-H), 7.38 (dd, J = 9.9 Hz, 7.0 Hz, 3H, m-H, p-H), 7.52 (d, J = 7.3 Hz, 2H, o-H), 7.64
(dd, J =15.0 Hz, 9.4 Hz, 1H, 3-H), 8.10 (d, J = 8.4 Hz, 2H, 0'-H), 8.34 (d, J = 8.5 Hz, 2H, m'-
H) ppm.; C NMR (126 MHz, CDCls): 6 = 123.9 (C-m’), 124.5 (C-4), 126.5 (C-p), 127.5 (C-
0), 129.0 (C-m), 129.3 (C-0"), 129.7 (C-2), 135.8 (C-i), 143.1 (C-i"), 143.6 (C-5), 146.8 (C-3),
149.9 (C-p"), 188.9 (C-1) ppm. Spectroscopic data are in agreement with literature [14].

(2E,4E)-1-(p-Methoxyphenyl)-5-phenylpenta-2,4-dienone (27ah)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 105 mg, 0.82 mmol) was treated with
Schwartz’s reagent (215 mg, 0.83 mmol), p-methoxybenzoyl chloride (26h, 127 mg,
0.75 mmol) and Pd(PPhs).Cl, (26.1 mg, 37.4 mmol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 30:1) afforded 27ah (28 mg, 0.11 mmol, 14%) as yellow
solid.

C1gH1602
264.32

27ah

Rr 0.26 (petroleum ether/EtOAc 20:1); H NMR (700 MHz, CDCls) 6 = 3.88 (s, 3H, OMe),
6.96 - 6.99 (M, 2H, m-H), 6.99 - 7.05 (m, 2H, 4-H, 5-H), 7.11 (d, J = 15.0 Hz, 1H, 2-H), 7.32
(m, 1H, p-H), 7.35 - 7.40 (m, 2H, m-H), 7.48 - 7.52 (m, 2H, 0-H), 7.60 (dd, J = 15.0 Hz, 9.7 Hz,
1H, 3-H), 7.98 - 8.03 (m, 2H, 0'-H) ppm.; 1*C NMR (176 MHz, CDCls): § = 55.5 (OMe), 113.8
(C-m"), 125.3 (C-2), 127.1 (C-5), 127.3 (C-0), 128.9 (C-m), 129.1 (C-p), 130.7 (C-m"), 131.2
(C-i), 136.3 (C-i"), 141.4 (C-4), 144.0 (C-3), 163.4 (C-p"), 188.7 (C-1) ppm. Spectroscopic data
are in agreement with literature [12].

(2E,4E)-1-Phenyl-5-(p-tolyl)penta-2,4-dien-1-one (27ba)

According to GP3, (E)-1-(but-1-en-3-yn-1-yl)-4-methylbenzene (25b, 115 mg, 0.81 mmol)
was treated with Schwartz’s reagent (212 mg, 0.82 mmol), benzoyl chloride (26a, 85.4 pL,
103 mg, 0.74 mmol) and Pd(PPhs).Cl; (25.8 mg, 36.8 mmol). Purification by column
chromatography on silica gel (petroleum ether/EtOAc 40:1) afforded 27ba (16 mg, 64.4 umol,
9 %) as yellow solid.
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27ba

'H NMR (500 MHz, CDCl3): 6 =2.38 (s, 3H, Me), 6.97 - 7.02 (m, 2H, 4-H, 5-H), 7.08 (d,
J =149 Hz, 1H, 2-H), 7.19 (d, J = 7.9 Hz, 2H, m-H), 7.39 - 7.43 (m, 2H, 0-H), 7.46 - 7.52 (m,
2H, m'-H), 7.54 - 7.64 (m, 2H, 3-H, p'-H), 7.95 - 8.01 (m, 2H, 0'-H) ppm.; 3C NMR (126 MHz,
CDCls): 0 = 21.5 (Me), 124.9 (C-2), 126.1 (C-4), 127.3 (C-0), 128.4 (C-0"), 128.6 (C-m"), 129.6
(C-m), 132.6 (C-p"), 133.4 (C-p), 138.4 (C-i), 139.6 (C-i"), 142.1 (C-5), 145.2 (C-3), 190.6 (C-1)
ppm. Spectroscopic data are in agreement with literature [15].

(2E,4E)-5-(4-Chlorophenyl)-1-phenylpenta-2,4-dien-1-one (27ca)

According to GP3, (E)-1-(but-1-en-3-yn-1-yl)-4-chlorobenzene (25c, 100 mg, 0.62 mmol) was
treated with Schwartz’s reagent (162 mg, 0.63 mmol), benzoyl chloride (26a, 64.9 pL,
78.6 mg, 0.56 mmol) and Pd(PPhz).Cl> (19.6 mg, 28.0 mmol). Purification by column
chromatography on silica gel (petroleum ether/EtOAc 30:1) afforded 27ca (25 mg, 93.0 umol,
17%) as yellow solid.

C17H43CIO
268.74

27ca

Rr 0.29 (petroleum ether/EtOAc 30:1); *H NMR (400 MHz, CDCls3) § = 6.91 - 7.04 (m, 2H, 4-
H, 5-H), 7.10 (d, J = 15.0 Hz, 1H, 2-H), 7.32 - 7.37 (m, 2H, m'-H), 7.40 - 7.45 (m, 2H, 0'-H),
7.46 - 7.52 (m, 2H, m-H), 7.54 - 7.62 (m, 2H, 3-H, p'-H), 7.95 - 8.00 (m, 2H, o-H) ppm;
13C NMR (101 MHz, CDCl3) 6 = 125.9 (C-4), 127.5 (C-m’), 128.4 (C-2, C-0), 128.6 (C-m),
129.1 (C-0"), 132.7 (C-p), 134.6 (C-i), 135.0 (C-p"), 138.2 (C-i"), 140.3 (C-5), 144.3 (C-3), 190.4
(C-1) ppm. Spectroscopic data are in agreement with literature [12].

(2E,4E)-5-(4-Nitrophenyl)-1-phenylpenta-2,4-dien-1-one (27da)

According to GP3, (E)-1-(but-1-en-3-yn-1-yl)-4-nitrobenzene (25d, 71.6 mg, 0.42 mmol) was
treated with Schwartz’s reagent (109 mg, 0.42 mmol), benzoyl chloride (26a, 43.9 pL,
53.1 mg, 0.38 mmol) and Pd(PPh3).Cl> (13.3 mg, 18.9 mmol). Despite repeated purification via
column chromatography on silica gel (petroleum ether/EtOAc 10:1) and HPLC (petroleum
ether/EtOAc 98:2, Orbit 100 Sil, 5 um), 27da (10 mg, 35.8 umol, 10 %) was isolated only in
63% purity.

Cq7H13NO3
279,30

27da

Rr 0.34 (petroleum ether/EtOAc 5:1); *H NMR (500 MHz, CDCls) 6 = 7.04 (d, J = 15.6 Hz,
1H, 3-H), 7.12-7.19 (m, 1H, 5-H), 7.21 (d, J = 15.0 Hz, 1H, 4-H), 7.51 (dd, J = 8.4 Hz, 7.0 Hz,
2H, 0'-H), 7.56 - 7.65 (m, 4H, m'-H, p'-H, 2-H), 7.95 - 8.01 (m, 2H, o0-H), 8.21 - 8.25 (m, 2H,
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m-H) ppm.; C NMR (126 MHz, CDCls): 6 = 124.2 (C-m), 127.7 (C-m"), 127.8 (C-p), 128.5
(C-0), 128.7 (C-0"), 131.1 (C-5), 133.1 (C-4), 137.8 (C-i), 138.5 (C-3), 142.3 (C-i"), 143.2 (C-
2), 147.7 (C-p), 190.1 (C-1) ppm. Spectroscopic data are in agreement with literature [16].

(1E,4E,6E)-1,7-Diphenylhepta-1,4,6-trien-3-one (27am)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 101 mg, 0.79 mmol) was treated with
Schwartz’s reagent (207 mg, 0.80 mmol), cinnamoyl chloride (26m, 68.6 pL, 74.9 mg,
0.71 mmol) and Pd(PPhs)2Cl> (25.1 mg, 35.8 mmol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 20:1) afforded 27am (21 mg, 80.7 mmol, 12%) as yellow
solid.

27am

Rr 0.20 (petroleum ether/EtOAc 20:1); *H NMR (700 MHz, CDCls): 6 = 6.64 (d, J = 15.1 Hz,
1H, 2-H), 6.95 - 7.05 (m, 3H, 1'-H, 4-H, 5-H), 7.31 - 7.35 (m, 1H, p-H), 7.35 - 7.43 (m, 5H, m-
H, m'-H, p'-H), 7.48 - 7.56 (m, 3H, 3-H, 0-H), 7.61 (dd, J = 6.3 Hz, 2.5 Hz, 2H, o'-H), 7.70 (d,
J=15.9 Hz, 1H, 2'-H) ppm.; °C NMR (176 MHz, CDCls): § = 125.5 (C-1'), 127.0 (C-4), 127.3
(C-0), 128.4 (C-0"), 128.9 (C-m), 129.0 (C-2), 129.0 (C-m"), 129.3 (C- p"), 130.5 (C-p), 134.9
(C-1"), 136.1 (C-i), 141.7 (C-3), 143.0 (C-2"), 143.4 (C-5), 189.0 (C-1) ppm. Spectroscopic data
are in agreement with literature [13].

(1E,3E)-1-Phenyltrideca-1,3-dien-5-one (27an)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 100 mg, 0.78 mmol) was treated with
Schwartz’s reagent (205 mg, 0.80 mmol), nonanoyl chloride (26n, 128 uL, 125 mg,
0.71 mmol) and Pd(PPh3).Cl> (24.9 mg, 35.5 pumol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 40:1) afforded 27an (83.0 mg, 0.31 mmol, 43%) as yellow
oil.

C19H260
270.42

27an

Rr 0.43 (petroleum ether/EtOAc 20:1); *H NMR (700 MHz, CDCls) 6 = 0.88 (t, J = 7.0 Hz, 3H,
8'-H), 1.30 (m, 10H, 3-H, 4'-H, 5'-H, 6'-H, 7'-H), 1.64 (m, 2H, 2'-H), 2.59 (t, J = 7.5 Hz, 2H,
1'-H), 6.29 (d, J = 15.4 Hz, 1H, 5-H), 6.86 - 6.91 (m, 1H, 4-H), 6.95 (d, J = 15.6 Hz, 1H, 2-H),
7.30 - 7.34 (m, 2H, 3-H, p-H), 7.34 - 7.38 (m, 2H, m-H), 7.46 - 7.49 (m, 2H, o-H) ppm;
13C NMR (176 MHz, CDCls): 6 = 14.1 (C-8'), 22.7 (C-7"), 24.5 (C-6"), 29.2 (C-5"), 29.4 (C-4"),
29.4 (C-3), 31.9 (C-2", 40.9 (C-1"), 126.8 (C-4), 127.2 (C-0), 128.9 (C-m), 129.2 (C-p), 129.7
(C-5), 136.1 (C-i), 141.1 (C-2), 142.4 (C-3), 200.9 (C-1) ppm.; MS (ESI): m/ z for C1gH260H"
calcd.: 271.21 [M+H]*, found: 271.21.; m / z for C19H26ONa* calcd.: 293.19 [M+Na]", found:
293.19.; HRMS (ESI): m/ z for C19H260ONa" calcd.: 293.1878 [M+Na]™, found: 293.1876.; FT-
IR (ATR): ¥ = 3061 (w), 3024 (w), 2999 (w), 2954 (s), 2922 (vs), 2851 (s), 1681 (vs), 1611
(m), 1590 (s), 1467 (m), 1449 (m), 1405 (w), 1334 (w), 1314 (w), 1294 (w), 1259 (w), 1223

S17



(W), 1129 (w), 1087 (m), 1053 (w), 1034 (w), 1015 (s), 962 (w), 883 (W), 819 (W), 743 (m),
725 (w), 688 (m), 504 (w) cm™.

(2E,5E,7E)-8-Phenylocta-2,5,7-trien-4-one (27a0)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 101 mg, 0.79 mmol) was treated with
Schwartz’s reagent (207 mg, 0.80 mmol), 4-methoxybenzoyl chloride (260, 68.6 pL, 74.9 mg,
0.71 mmol) and Pd(PPhs)2Cl> (25.1 mg, 35.8 mmol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 20:1) afforded 27ao (40 mg, 202 mmol, 40%) as yellow
solid.

(@]
- oiad 22 C14H140
S 198.26
p
27ao0

Rr 0.20 (petroleum ether/EtOAc 20:1); *H NMR (700 MHz, CDCls) 6 = 1.95 (dd, J = 6.8 Hz,
1.7 Hz, 3H, Me), 6.38 - 6.42 (m, 1H, 1'-H), 6.51 (d, J = 15.2 Hz, 1H, 2-H), 6.90 - 7.00 (m, 3H,
2'-H, 4-H, 5-H), 7.30 - 7.33 (m, 1H, p-H), 7.34 - 7.39 (m, 2H, m-H), 7.43 (dd, J = 15.2 Hz,
10.2 Hz, 1H, 3-H), 7.46 - 7.49 (m, 2H, 0-H) ppm.; 1*C NMR (176 MHz, CDCl3) § = 18.5 (Me),
127.0 C-2"),127.2 (C-0), 128.3 (C-2), 128.9 (C-m), 129.1 (C-p), 130.9 (C-1"), 136.2 (C-i), 141.3
(C-4), 143.0 (C-5), 143.1 (C-3), 189.2 (C-1) ppm. Spectroscopic data are in agreement with
literature [17].

(4E,6E)-2,2-Dimethyl-7-phenylhepta-4,6-dien-3-one (27ap)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 100 mg, 0.78 mmol) was treated with
Schwartz’s reagent (205 mg, 0.80 mmol), pivaloyl chloride (26p, 87.4 pL, 85.5 mg,
0.71 mmol) and Pd(PPh3).Cl> (24.9 mg, 35.5 pumol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 60:1) afforded 27ap (48 mg, 0.22 mmol, 32%) as yellow
solid.

0
2 ANE AL Cy5H10
5 3 1 214.31

m

p
27ap

Rr0.49 (petroleum ether/EtOAc 20:1); *H NMR (500 MHz, CDCls): 6 = 1.20 (s, 9H, t-Bu), 6.68
(d, J=15.0 Hz, 1H, 2-H), 6.87 - 6.98 (m, 2H, 4-H, 5-H), 7.27 - 7.33 (m, 1H, p-H), 7.33 - 7.39
(m, 2H, m-H), 7.43 - 7.50 (m, 3H, 0-H, 3-H) ppm.; ¥*C NMR (126 MHz, CDCls): ¢ = 26.4
(C(CHs)3), 43.1 (C(CH3)3), 124.3 (C-2), 126.9 (C-4), 127.2 (C-0), 128.8 (C-m), 129.0 (C-p),
136.3 (C-i), 141.1 (C-5), 142.9 (C-3), 204.5 (C-1) ppm. Spectroscopic data are in agreement
with literature [13].

(2E,4E)-1-Phenyldodeca-2,4-dien-1-one (27ea)

According to GP3, (E)-undec-3-en-1-yne (25e, 100 mg, 0.67 mmol) was treated with
Schwartz’s reagent (175 mg, 0.68 mmol), benzoyl chloride (26a, 70.3 pL, 85.0 mg, 0.61 mmol)
and Pd(PPhs).Cl> (21.2 mg, 30.3 pmol). Purification by column chromatography on silica gel
(petroleum ether/EtOAc 30:1) afforded 27ea (54 mg, 0.21 mmol, 34%) as colorless oil.
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1 9 7 q\\ q\\ I 0 . C1gH240
12 10 8 6 4 2 256.39
p
27ea

Rr 0.49 (petroleum ether/EtOAc 60:1); *H NMR (700 MHz, CDCls): § = 0.89 (t, J = 7.0 Hz,
3H, 12-H), 1.30 (m, 8H, 8-H, 9-H, 10-H, 11-H), 1.45 (p, J = 7.2 Hz, 2H, 7-H), 2.21 (q, J =
7.2 Hz, 2H, 6-H), 6.26 (dt, J = 15. Hz, 6.7 Hz, 1H, 5-H), 6.32 (dd, J = 15.2 Hz, 10.6 Hz, 1H,
4-H), 6.88 (d, J= 15.0 Hz, 1H,3-H), 7.41 (dd, J = 15.1 Hz, 10.6 Hz, 1H, 2-H), 7.47 (t, J =
7.7 Hz, 2H, m-H), 7.53 - 7.57 (m, 1H, p-H), 7.94 (dd, J = 8.3 Hz, 1.4 Hz, 2H; o-H) ppm.;
13C NMR (176 MHz, CDCls) 6 = 14.1 (C-12), 22.7 (C-11), 28.7 (C-7), 29.1 (C-10), 29.2 (C-9),
31.8 (C-8), 33.3 (C-6), 123.5 (C-3), 128.4 (C-0), 128.5 (C-m), 129.1 (C-4), 132.5(C-p), 138.4
(C-1), 145.4 (C-5), 146.8 (C-2), 191.0 (C-1) ppm. Spectroscopic data are in agreement with
literature [18].

(3E,5E)-Trideca-3,5-dien-2-one (27eq)

According to GP3, (E)-undec-3-en-1-yne (25e, 82.0 mg, 0.55 mmol) was treated with
Schwartz’s reagent (144 mg, 0.56 mmol), acetyl chloride (22, 35.6 pL, 39.2 mg, 0.50 mmol)
and Pd(PPhs)2Cl> (17.5 mg, 25.0 pg). Purification by column chromatography on silica gel
(petroleum ether/EtOAc 40:1) afforded 27eq (65 mg, 0.34 mmol, 65%) as yellow solid.

O
1 9 7 5 3 C43H»,0
/\/\/\/\/\)}\ 192

12 10 8 6 4 2 194.32
27eq

Rr 0.29 (petroleum ether/EtOAc 20:1); *H NMR (500 MHz, CDCls): 6 = 0.88 (t, J = 6.7 Hz,
3H, 12-H), 1.22 - 1.34 (m, 8H, 8-H, 9-H, 10-H, 11-H), 1.43 (p, J = 7.5 Hz, 2H, 7-H), 2.14 -
2.22 (m, 2H, 6-H), 2.26 (d, J = 1.2 Hz, 3H, COMe), 6.05 (d, J = 15.6 Hz, 1H, 5-H), 6.13 - 6.23
(m, 2H, 2-H, 4-H), 7.09 (ddd, J = 15.6 Hz, 5.7 Hz, 3.0 Hz, 1H, 3-H) ppm.; **C NMR (176 MHz,
CDCl3): 0 = 14.1 (C-12), 22.7 (C-8), 27.1 (COMe), 28.7 (C-11), 29.1 (C-10), 29.2 (C-9), 31.8
(C-7), 33.2 (C-6), 128.8 (C-2), 128.8 (C-3), 144.1 (C-4), 1459 (C-5), 198.9 (C-1) ppm.
Spectroscopic data are in agreement with literature [19].

(3E,5E)-6-Phenylhexa-3,5-dien-2-one (27aq)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 100 mg, 0.78 mmol) was treated with
Schwartz’s reagent (205 mg, 0.80 mmol), acetyl chloride (22, 50.6 pL, 55.7 mg, 0.71 mmol)
and Pd(PPhs).Cl> (24.9 mg, 35.5 umol). Purification by column chromatography on silica gel
(petroleum ether/EtOAc 20:1) afforded 27aq (39.0 mg, 0.23 mmol, 32%) as yellow solid.

O
PP C12H120
m 5 3 1
172.23

o

27aq

Rr0.29 (petroleum ether/EtOAC 20:1); *H NMR (700 MHz, CDCls): 6 = 2.35 (s, 3H, Me), 6.29
(d, J =15.5 Hz, 1H, 5-H), 6.91 (dd, J = 15.6 Hz, 10.6 Hz, 1H, 4-H), 6.98 (d, J = 15.5 Hz, 1H,
2-H), 7.29 - 7.33 (m, 1H, 3-H), 7.33 - 7.37 (m, 1H, p-H), 7.39 (dd, J = 8.4 Hz, 6.8 Hz, 2H, m-
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H), 7.48 - 7.52 (m, 2H, 0-H) ppm.; *C NMR (176 MHz, CDCls) § = 27.4 (Me), 126.7 (4-H),
127.3 (C-0), 128.9 (C-m), 129.3 (C-p), 130.5 (C-5), 136.0 (C-i), 141.3 (C-2), 143.5 (C-3), 198.5
(C-1) ppm. Spectroscopic data are in agreement with literature [20].

Ethyl (2E,4E)-5-phenylpenta-2,4-dienoate (27ar)
According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 100 mg, 0.78 mmol) was treated with
Schwartz’s reagent (205 mg, 0.80 mmol), ethyl chloroformate (26r, 67.5 uL, 77.0 mg,
0.71 mmol) and Pd(PPh3).Cl> (24.9 mg, 35.5 pmol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 40:1) afforded 27ar (32 mg, 0.16 mmol, 22%) as yellow
solid.

0
i 2
PO e

(o]

27ar

Rr 0.43 (petroleum ether/EtOAc 20:1); *H NMR (400 MHz, CDCls): § = 1.25 (t, J = 7.1 Hz,
3H, CH2CHz), 4.16 (g, J = 7.1 Hz, 2H, CH.CHa), 5.92 (d, J = 15.3 Hz, 1H. 2-H), 6.74 - 6.88
(m, 2H, 4-H, 5-H), 7.22 - 7.32 (m, 3H, m-H, p-H), 7.33 - 7.43 (m, 3H, 3-H, 0-H) ppm. 3C NMR
(126 MHz, CDCls3): 6 = 14.4 (CH2CH3), 60.4 (CH2CH3), 121.4 (C-2), 126.3 (C-4), 127.2 (C-0),
128.8 (C-m), 129.0 (C-p), 136.1 (C-i), 140.4 (C-3), 144.6 (C-5), 167.1 (C-1) ppm.
Spectroscopic data are in agreement with literature [21].

(3E,5E)-1-Chloro-6-phenylhexa-3,5-dien-2-one (27as)

According to GP3, (E)-but-1-en-3-ynylbenzene (25a, 100 mg, 0.78 mmol) was treated with
Schwartz’s reagent (205 mg, 0.80 mmol), 2-cloroacetyl chloride (26s, 56.4 uL, 80.1 mg,
0.71 mmol) and Pd(PPh3).Cl> (24.9 mg, 35.5 pumol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 30:1) afforded 27as (34 mg, 0.17 mmol, 23%) as yellow
solid.

O
P \2 Cl C12H11C|O
m 57 3 1
206.67

o

27as

Rr0.34 (petroleum ether/EtOACc 20:1); *H NMR (500 MHz, CDCls): 6 =4.23 (s, 2H, CH>), 6.52
(d, J =15.3 Hz, 1H, 2-H), 6.91 (dd, J = 15.5 Hz, 10.9 Hz, 1H, 4-H), 7.02 (d, J = 15.5 Hz, 1H,
5-H), 7.31 - 7.41 (m, 3H, m-H, p-H), 7.45 - 7.52 (m, 3H, 3-H, 0-H) ppm.; *C NMR (126 MHz,
CDCl3): 6 =47.4 (CH>), 125.0 (C-2), 127.6 (C-4), 129.0 (C-0), 129.2 (C-m), 129.7 (C-p), 135.8
(C-i), 143.3 (C-5), 145.3 (C-3), 191.4 (C-1) ppm. Spectroscopic data are in agreement with
literature [22].
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1.6. Synthesis of substituted dienones

(2E,4E)-4-Methyl-1,5-diphenylpenta-2,4-dien-1-one (27fa)

According to GP3, (E)-(2-methylbut-1-en-3-yn-1-yl)benzene (25f, 0.10 g, 0.70 mmol) was
treated with Schwartz’s reagent (185 mg, 0.72 mmol), benzoyl chloride (26a, 0.08 mL, 90 mg,
0.64 mmol) and Pd(PPhs).Cl> (22 mg, 0.03 mmol). Purification by column chromatography on
silica gel (petroleum ether/EtOAc 50:1) afforded 27fa (88 mg, 0.35 mmol, 55%) as yellow
solid.

C1gH160

248.33

27fa

Rr 0.20 (petroleum ether/EtOAc 50:1); *H NMR (400 MHz, CDCl): 6 = 2.17 (d, J = 1.4 Hz,
3H, Me), 6.98 (s, 1H, 5-H), 7.06 (d, J = 15.3 Hz, 1H, 2-H), 7.27 - 7.42 (m, 5H, 0-H, m-H, p-H),
7.45-7.54 (m, 2H, m'-H), 7.54 - 7.60 (m, 1H, p'-H), 7.64 (d, J = 15.3 Hz, 1H, 3-H), 7.92 - 8.12
(m, 2H, 0-H) ppm.; *¥C NMR (101 MHz, CDCls): § = 14.1 (Me), 121.7 (C-2), 128.0 (C-p),
128.5 (C-0), 128.6 (C-0'), 128.7 (C-m), 129.7 (C-m’), 132.7 (C-p’), 134.8 (C-i), 136.9 (C-4),
138.7 (C-i"), 140.7 (C-5), 150.4 (C-3), 191.0 (C-1) ppm. Spectroscopic data are in agreement
with literature [16].

(2E,4E)-2,4-Dimethyl-1,5-diphenylpenta-2,4-dien-1-one (27ha)

According to GP3, (E)-(2-methylpent-1-en-3-yn-1-yl)benzene (25h, 0.10 g, 0.64 mmol) was
treated with Schwartz’s reagent (168 mg, 0.65 mmol), benzoyl chloride (26a, 0.07 mL, 82 mg,
0.58 mmol) and Pd(PPhs).Cl> (20 mg, 0.03 mmol). Purification by column chromatography on
silica gel (petroleum ether/EtOAc 50:1) afforded 27ha (25 mg, 0.1 mmol, 17%) as yellow oil.

0]
5 3 )
O Y2 Y2 ! I C19H1g0
P 0 o' p'
z Z 262.35
27ha

Rr 0.29 (petroleum ether/EtOAc 50:1); *H NMR (400 MHz, CDCls): § = 2.14 (d, J = 1.4 Hz,
3H, 4-Me), 2.25 (d, J = 1.4 Hz, 3H, 2-Me), 6.63 (s, 1H, 5-H), 6.80 (s, 1H, 3-H), 7.30 - 7.40 (m,
5H, 0-H, m-H, p-H), 7.43 - 7.49 (m, 2H, m-H), 7.50 - 7.57 (m, 1H, p-H), 7.67 - 7.73 (m, 2H,
0'-H) ppm.; *C NMR (126 MHz, CDCls): 6 = 13.3 (2-Me), 17.2 (4-Me), 126.1 (C-p), 126.9 (C-
m’), 127.1 (C-m), 128.1 (C-0"), 128.2 (C-0), 130.2 (C-p"), 133.2 (C-i), 133.9 (C-5), 134.2 (C-2),
135.7 (C-i"), 137.6 (C-4), 146.1 (C-3), 198.6 (C-1) ppm.; FT-IR (ATR): ¥ = 3058 (w), 3024
(w), 2924 (w), 2854 (w), 1953 (w), 1723 (w), 1641 (m), 1597 (m), 1577 (w), 1491 (w), 1445
(m), 1380 (w), 1358 (w), 1314 (w), 1264 (m), 1177 (w), 1149 (w), 1073 (w), 1016 (m), 921
(w), 848 (w), 790 (w), 742 (m), 710 (s), 696 (s), 672 (w), 647 (w), 618 (w), 568 (w), 517
(br) cm™; MS (ESI): m/z for Ci9H1s0Na* calcd.: 285.13 [M+Na]*, found: 285.13.; HRMS
(ESI): m/ z for C1gH180Na" calcd.: 285.1251 [M+Na]*, found: 285.1250.
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(2E,4E)-2-Methyl-1-phenyl-5-(p-tolyl)penta-2,4-dien-1-one (270a)

According to GP3, (E)-1-methyl-4-(pent-1-en-3-yn-1-yl)benzene (250, 86 mg, 0.55 mmol) was
treated with Schwartz’s reagent (145 mg, 0.56 mmol), benzoyl chloride (26a, 0.06 mL, 70 mg,
0.50 mmol) and Pd(PPhs).Cl> (18 mg, 0.03 mmol). Purification by column chromatography on
silica gel (petroleum ether / EtOAc 50 : 1) afforded 270a (13 mg, 0.05 mmol, 10 %) as orange
oil.

C19H180

262.35

270a

Rr 0.29 (petroleum ether/EtOAc 50:1); *H NMR (700 MHz, CDCls): § = 2.18 (s, 3H, 2-Me),
2.36 (s, 3H, p-Me), 6.76 (d, J = 15.4 Hz, 1H, 5-H), 6.90 - 6.95 (m, 1H, 4-H), 7.12 - 7.18 (m,
3H, m-H, 3-H), 7.37 (d, J=7.9 Hz, 2H, o-H), 7.45 (t, J= 7.6 Hz, 2H, m-H), 7.49 - 7.55 (m,
1H, p-H), 7.64 (d, J = 7.5 Hz, 2H, 0-H) ppm.; *C NMR (176 MHz, CDCls): ¢ = 13.0 (2-Me),
21.5 (p-Me), 123.4 (C-3), 127.3 (C-0), 128.3 (C-m’), 129.3 (C-0'), 129.7 (C-m), 131.3 (C-p),
133.8 (C-p), 135.6 (C-2), 139.1 (C-i"), 139.4 (C-i), 140.1 (C-5), 143.3 (C-4), 199.0 (C-1) ppm.;
FT-IR (ATR): ¥ = 3024 (br), 2923 (br), 2857 (br), 1639 (s), 1614 (s), 1577 (m), 1511 (w),
1490 (w), 1446 (m), 1383 (w), 1361 (w), 1329 (m), 1309 (m), 1281 (s), 1245 (m), 1169 (br),
1109 (w), 1074 (w), 1033 (m), 1012 (m), 970 (m), 909 (w), 806 (M), 714 (s), 648 (M), 597 (W),
520 (w), 454 (w) cm™.; MS (ESI): m/z for CigH1s0ONa* calcd.: 285.34 [M+Na]*, found:
285.12.; HRMS (ESI): m / z for C1oH1g0Na* calcd.: 285.1250 [M+Na]*, found: 285.1246.

1.7. Hydrozirconation of terpene-derived enynes

(E)-3-(6,6-Dimethylbicyclo[3.1.1]hept-2-en-2-yl)-1-phenylprop-2-en-1-one (27pa)

According to GP3, 2-ethynyl-6,6-dimethylbicyclo[3.1.1]hept-2-ene (25p, 105 mg, 0.72 mmol)
was treated with Schwartz’s reagent (189 mg, 0.73 mmol), benzoyl chloride (26a, 75.8 pL,
91.8 mg, 0.65mmol) and Pd(PPhs).Cl> (22.9 mg, 32.6 umol). Purification by column
chromatography on silica gel (petroleum ether/EtOAc 40:1) afforded 27pa (77 mg, 0.31 mmol,

47%) as colorless oil.
O
9 3 o
8 4 RN\ . i m C18H200
’Jl 2 O 252.36
7 5 p
6

27pa

Rr0.46 (petroleum ether/EtOACc 20:1); *H NMR (700 MHz, CDCls): 6 = 0.80 (s, 3H, Met), 1.19
(d, J = 9.1 Hz, 1H, 10-Ha), 1.38 (s, 3H, Me?), 2.15 - 2.21 (m, 1H, 7-H), 2.44 (dt, J = 20.0 Hz,
3.2 Hz, 1H, 6-Ha), 2.48 - 2.56 (m, 2H, 6-Hg, 10-Hg), 2.69 (td, J = 5.6 Hz, 1.5 Hz, 1H, 7-H),
6.17 (d, J = 3.8 Hz, 1H, 5-H), 6.84 (d, J = 15.4 Hz, 1H, 3-H), 7. 43 - 7.49 (m, 3H, 2-H, m-H),
7.51 - 7.57 (m, 1H, p-H), 7.94 (dd, J = 8.0 Hz, 1.4 Hz, 2H, 0-H) ppm.; 1*C NMR (176 MHz,
CDCl3): § = 20.9 (Me?), 26.2 (Me?), 31.2 (C-10), 32.9 (C-6), 37.9 (C-8), 40.7 (C-7), 41.4 (C-
9), 118.6 (C-3), 128.4 (C-m), 128.5 (C-0), 132.4 (C-p), 136.4 (C-6), 138.7 (C-i), 145.8 (C-2),
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146.4 (C-4), 191.3 (C-1) ppm.; MS (ESI): m/ z for C1gH210" calcd.: 253.37 [M+H]", found:
253.16.; m / z for C19H260Na* calcd.: 275.35 [M+Na]", found: 275.14.; HRMS (ESI): m / z for
C1sH200Na* calcd.: 275.1406 [M+Na]*, found: 275.1408.; FT-IR (ATR): ¥ = 3059 (w), 2917
(m), 2881 (m), 2821 (w), 1657 (s), 1596 (s), 1583 (vs), 1466 (), 1446 (m), 1422 (m), 1383 (M),
1366 (m), 1326 (s), 1316 (s), 1284 (vs), 1266 (m), 1209 (vs), 1175 (s), 1131 (m), 1098 (m),
1074 (m), 1056 (m), 1033 (m), 1016 (vs), 1000 (m), 981 (s), 915 (m), 886 (m), 857 (m), 824
(m), 801 (m), 768 (vs), 703 (vs), 692 (vs), 650 (s), 624 (s), 586 (m), 518 (M), 465 (w), 445 (w)
cm™,

2,2,6-Trimethylcyclohexan-1-one (34)

Under an inert atmosphere (N2), n-butyllithium (3.1 mL, 491 mg, 7.66 mmol, 2.5 M in hexane)
was added dropwise to a solution of diisopropylamine (1.26 mL, 907 g, 8.96 mmol) in dry THF
(6 mL) at —78°C. After 1h at 0°C, 2,6-dimethylcyclohexanone (32, 1.00 mL, 912 mg,
7.23 mmol) was added at —78 °C. Methyl iodide (0.68 mL, 1.54 g, 10.8 mmol) was added at
the same temperature. The reaction mixture was stirred for 1 h at —78 °C, warmed to room
temperature and further stirred for 17 h, before quenching in a mixture of sat. NH4Cl (200 mL),
water (50 mL) and diethyl ether (150 mL). The layers were separated and the aqueous phase
was extracted with diethyl ether (3 x 50 mL). The combined organic phases were washed with
sat. NaCl (50 mL), dried (MgSQas), and concentrated to yield 34 (1.00 g, 7.13 mmol, 99%) as
colorless oil.

6 CgH160
140.23

34

'H NMR (500 MHz, CDCl3) 6 = 0.96 - 1.02 (m, 3H, 6-Me), 1.04 (s, 3H, 2-Me?), 1.17 (s, 3H,
2-Me?), 1.31 (qd, J = 13.1 Hz, 4.0 Hz, 1H, 5-Hp), 1.54 (td, J = 13.4 Hz, 4.2 Hz, 1H, 4-Hp), 1.60
-1.68 (m, 1H, 3- Ha), 1.76 (dq, J = 13.4 Hz, 3.1 Hz, 1H, 4-Hg), 1.81 - 1.94 (m, 1H, 3-Hg), 2.04
(ddqg, J= 12.5Hz, 6.0 Hz, 3.1 Hz, 1H, 5-Hsg), 2.65 (dp, J = 12.6 Hz, 6.3 Hz, 1H, 6-H) ppm;
13C NMR (126 MHz, CDCl3) § = 15.0 (6-Me), 21.6 (C-3), 25.3 (2-Me'), 25.7 (2-Me?), 36.8
(C-5), 40.8 (C-6), 41.9 (C-4), 45.3 (C-2), 217.4 (C-1). Spectroscopic data are in agreement with
literature [23].

1-Ethynyl-2,2,6-trimethylcyclohexan-1-ol (35)

Under an inert atmosphere (N2), 2,2,6-trimethylcyclohexan-1-one (34, 1.00 g, 7.13 mmol) was
dissolved in dry THF (20 mL) and ethynylmagnesium bromide (21.6 mL, 1.40 g, 10.8 mmol,
0.5M in THF) was added dropwise at 0 °C. After stirring for 4 h at room temperature, the
reaction mixture was quenched with 1 M HCI (25 mL). The layers were separated and the
aqueous phase was extracted with EtOAc (3 x 50 mL), washed with sat. NaCl (50 mL), and
dried (MgSOa). Purification by column chromatography on silica gel (petroleum ether/EtOAc
40:1) afforded a diastereomeric mixture of 35 (847 mg, 5.07 mmol, 71%, diastereomeric ratio
dr (diastereomer 1:diastereomer 2) 0.45:0.55, isolated yield) as colorless oil.
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35

For the characterization, both diastereomers were isolated. The stereochemical elucidation was
not performed. Therefore, a specific assignment to one diastereomer was not possible.

Diastereomer 1 of 35

Rr 0.43 (petroleum ether/EtOAc 20:1); *H NMR (500 MHz, CDCls): § = 1.07 (d, J = 6.7 Hz,
3H, 8-Me), 1.09 (d, J = 5.0 Hz, 6H, 4-Me), 1.16 - 1.34 (m, 2H, 5-Ha, 7-Ha), 1.40 - 1.52 (m,
3H., 6-H, 7-Hg), 1.59 (td, J = 12.5 Hz, 5.7 Hz, 1H, 5-Hg), 1.70 (s, 1H, OH), 1.90 (ddd, J =
12.5 Hz, 6.6 Hz, 3.9 Hz, 1H, 8-H), 2.41 (s, 1H, 1-H) ppm.; *C NMR (126 MHz, CDCl3): ¢ =
17.0 (8-Me), 21.1 (6-H), 23.6 (4-Me?), 26.1 (4-Me?), 28.7 (C-7), 33.6 (C-5), 36.0 (C-8), 38.2
(C-4), 73.0 (C-1), 76.1 (C-2), 86.2 (C-3) ppm.; GC-MS (El): m/ z for C11H170" calcd.: 165.3
[M]*, found: 165.1.; HRMS (ESI): m/ z for C11H1s0 calcd.: 166.1352 [M]", found: 166.1351.;
FT-IR (ATR): v = 3487 (b), 3307 (m), 2967 (s), 2933 (Vvs), 2866 (M), 1704 (w), 1460 (m), 1376
(m), 1366 (m), 1298 (m), 1218 (m), 1181 (w), 1158 (m), 1132 (m), 1104 (w), 1075 (m), 1061
(m), 1028 (m), 1017 (m), 965 (vs), 954 (vs), 924 (w), 884 (m), 857 (w), 840 (w), 735 (m), 651
(s), 626 (s), 565 (m), 550 (W), 489 (W), 469 (w), 421 (w) cm™,

Diastereomer 2 of 35 (indicated with )

“Rr 0.47 (petroleum ether/EtOAc 20:1); "*H NMR (500 MHz, CDCl3): § = 1.00 (s, 3H, 4-Meb),
1.04 (d, J = 6.5, 3H, 6-Me), 1.12 (s, 3H, 4-Me?), 1.28 - 1.39 (m, 2H, 5-Ha, 7-Ha), 1.39 - 1.51
(m, 2H, 6-H).1.54 - 1.67 (M, 2H, 5-Hg, 7-Hg), 1.81 - 1.93 (M, 2H, 8-H, OH), 2.48 (s, 1H, 1-H)
ppm. “3C NMR (126 MHz, CDCls) ¢ = 16.3 (8-Me), 19.7 (4-Me?), 21.2 (6-H), 26.7 (4-Me?),
32.6 (C-5), 36.7 (C-8), 37.9 (C-7), 38.7 (C-4), 75.2 (C-1), 78.6 (C-2), 84.1 (C-3) ppm.; “GC-
MS (EI): m/ z for C11H170" caled.: 165.3 [M], found: 165.1.; "HRMS (ESI): m/ z for C11H150
caled.: 166.1352 [M], found: 166.1352. “FT-IR (ATR): ¥ = 3615 (w), 3477 (b), 3307 (s), 2962
(s), 2930 (vs), 2867 (s), 1460 (s), 1385 (m), 1367 (m), 1332 (m), 1301 (m), 1275 (m), 1220 (m),
1183 (W), 1136 (w), 1073 (s), 1059 (s), 1032 (m), 991 (s), 973 (s), 961 (), 922 (w), 885 (W),
855 (w), 787 (), 651 (s), 626 (5), 552 (W), 476 (W), 434 (W), 416 (w) cm™.

2-Ethynyl-1,1,3-trimethylcyclohexane (25q)

Under an inert atmosphere (N2), 1-ethynyl-2,2 6-trimethylcyclohexan-1-ol (35, 686 mg,
4.13 mmol) in dichloromethane (10 mL) was treated with NEts (2.90 mL, 2.09 g, 20.6 mmol)
and MsCI (0.80 mL 1.18 g, 10.3 mmol) at 0 °C. After stirring for 1 h, additional NEt3 (0.50 mL,
0.36 g, 3.59 mmol) and MsCI (0.50 mL 0.74 g, 6.4 mmol) were added. Upon completion the
reaction was quenched with sat. NH4Cl (25 mL) and the phases were separated. The aqueous
phase was extracted with dichloromethane (3 x 20 mL), washed with sat. NaCl (20 mL), and
dried (MgSOa). Purification by column chromatography on silica gel (petroleum ether) afforded
259 (300 mg, 2.02 mmol, 49%) as colorless oil.
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148.25

25q

Rr 0.69 (petroleum ether); *H NMR (400 MHz, CDCls) 6 = 1.08 - 1.26 (m, 7H, 4-Me; 6-Ha),
1.42 - 1.65 (m, 3H, 5-H, 6-Hg), 1.89 (s, 3H, 8-Me), 1.98 - 2.05 (m, 2H, 7-H), 3.07 (s, 1H, 1-H)
ppm.; 3C NMR (126 MHz, CDCls): 6 = 18.9 (C-6), 22.6 (8-Me), 28.8 (4-Me), 31.9 (C-7), 33.6,
37.6 (C-5), 80.5 (C-1), 82.5 (C-2), 123.1 (C-3), 142.8 (C-8) ppm.; GC-MS (El): m/z for
CuHie: calcd.: 148.3 [M], found: 148.1.; HRMS (ESI): m/ z for C11Ha6* calcd.: 148.1246 [M],
found: 148.1247.; FT-IR (ATR): ¢ = 3307 (m), 2932 (vs), 2864 (s), 2222 (m), 2141 (w), 2087
(m), 2072 (s), 2049 (w), 2028 (m), 1964 (w), 1933 (w), 1899 (w), 161 (m), 1592 (w), 1507 (m),
1459 (s), 1377 (m), 1360 (m), 1298 (m), 1260 (m), 1228 (s), 1196 (m), 1173 (w), 1131 (w),
1078 (w), 1027 (m), 925 (w), 895 (w), 849 (m), 827 (m), 746 (w), 706 (w), 632 (M), 594 (w),
576 (W), 534 (w), 482 (w), 455 (w), 424 (w) cm™.

(E)-4-(2,6,6-Trimethylcyclohex-1-en-1-yl)but-3-en-2-one (3)

According to GP3, 2-ethynyl-1,1,3-trimethylcyclohexane (250, 80 mg, 0.54 mmol) was treated
with Schwartz’s reagent (141 mg, 0.55 mmol), acetyl chloride (22, 30.3 puL, 38.5mg,
0.49 mmol) and Pd(PPhs).Cl> (17.2 mg, 24.5 pmol). Purification by column chromatography
on silica gel (petroleum ether/EtOAc 30:1) afforded 3 (17 mg, 0.88 mmol, 18%) as colorless
oil.

C13H200

8 A 1
. s 2 192.30

Rr 0.3 (petroleum ether/EtOAC 20:1); *H NMR (500 MHz, CDCls): 6 = 1.06 (s, 6H, 9-Me), 1.44
- 1.50 (m, 2H, 8-H), 1.57 - 1.66 (m, 2H, 7-H), 1.75 (d, J = 1.0 Hz, 3H, 5-Me), 2.06 (t, J = 6.4,
2H, 6-H), 2.29 (s, 3H, 1-Me), 6.11 (d, J = 16.4 Hz, 1H, 2-H), 7.23 - 7.30 (m, 1H. 3-H) ppm.;
13C NMR (126 MHz, CDCls): 6 = 18.9 (C-7), 21.8 (5-Me), 27.2 (1-Me), 28.8 (9-Me), 33.6 (C-
6), 34.1 (C-9), 39.7 (C-8), 131.6 (C-2), 135.9 (C-5), 136.1 (C-4), 143.2 (C-3), 198.8 (C-1) ppm.
Spectroscopic data are in agreement with literature [24].

(E)-1-Phenyl-3-(2,6,6-trimethylcyclohex-1-en-1-yl)prop-2-en-1-one (27qa)

According to GP3, 2-ethynyl-6,6-dimethylbicyclo[3.1.1]hept-2-ene (25¢, 100 mg, 0.68 mmol)
was treated with Schwartz’s reagent (177 mg, 0.69 mmol), benzoyl chloride (26a, 67.9 pL,
86.2 mg, 0.61 mmol) and Pd(PPh3).Cl> (21.5mg, 30.7 umol). Purification by column
chromatography on silica gel (petroleum ether/EtOAc 40:1) afforded 27ga (39 mg, 0.15 mmol,
25%) as yellow oil.
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27qa

Rr 0.47 (petroleum ether); *H NMR (500 MHz, CDCls) § = 1.13 (s, 6H, 9-Me), 1.48 - 1.55 (m,
2H, 8-H), 1.61 - 1.69 (m, 2H, 7-H), 1.85 (d, J = 1.1 Hz, 3H, 5-Me), 2.03 - 2.16 (m, 2H, 6-H),
6.93 (d, J = 15.8 Hz, 1H, 2-H), 7.44 - 7.50 (m, 2H, m-H), 7.52 - 7.62 (m, 2H, 3-H, p-H), 7.91 -
7.97 (m, 2H, o-H) ppm.; 3C NMR (126 MHz, CDCls) ¢ = 18.9 (C-7), 21.9 (5-Me), 28.9 (9-
Me), 33.8 (C-6), 34.2 (C-9), 39.9 (C-8), 126.2 (C-2), 128.5 (C-m), 128.5 (C-0), 132.5 (C-p),
136.8 (C-5), 136.9 (C-4), 138.5 (C-i), 144.6 (C-p), 190.8 (C-1) ppm.; MS (EI): m/z for
Ci18H230™: calcd.: 255.17 [M+H]", found: 255.17.; HRMS (ESI): m/z for C1gH230 ™ calcd.:
255.1741 [M+H]", found: 255.1743.; FT-IR (ATR): 7=3060 (w), 2958 (s), 2930 (s), 2866 (m),
2825 (w), 2175 (vs), 1663 (vs), 1600 (vs), 1579 (s), 1447 (w), 1375 (m), 1361 (w), 1315 (s),
1278 (s), 1262 (s), 1216 (s), 1178 (m), 1141 (w), 1072 (w), 1036 (m), 1009 (s), 984 (m), 938
(w), 869 (w), 850 (W), 799 (w), 777 (w), 698 (s), 633 (w) cm™.

1.8. Synthesis of bromo diene S1

((1E,3E)-4-bromobuta-1,3-dien-1-yl)benzene (S1)

Under an inert atmosphere (N2), enyne 25a (100 mg, 0.78 mmol) was dissolved in anhydrous
toluene under absence of light and Schwartz’s reagent (205 mg, 0.79 mmol) was added. After
stirring for 1 h at 50 °C, the formed dark red solution showed complete conversion. NBS
(141 mg, 0.79 mmol) was added at room temperature and the reaction mixture was stirred for
18 h, filtered through a pad of SiO2, and washed with EtOAc. Purification by column
chromatography on silica gel (petroleum ether) afforded S1 (131 mg, 0.63 mmol, 88%) as
yellow solid.

° C10HgBr

4 2
m X Br
O,/\(Y 209.09
p

$1

R¢ 0.62 (petroleum ether); *H NMR (700 MHz, CDCls): 6 = 6.37 (d, J = 13.5 Hz, 1H, 4-H), 6.51
(d,J=15.6, 1H, 1-H), 6.61 (dd, J = 15.6 Hz, 10.7 Hz, 1H, 2-H), 6.81 (dd, J = 13.5 Hz, 10.7 Hz,
1H, 3-H), 7.18 — 7.21 (m, 1H, p-H), 7.24 — 7.28 (m, 2H, m-H), 7.30 — 7.35 (m, 2H, o-H) ppm.
13C NMR (176 MHz, CDCls): 6 = 109.0 (C-4), 126.1 (C-2), 126.5 (C-0), 128.1 (C-p), 128.8 (C-
m), 133.4 (C-3), 137.7 (C-1) ppm. Spectroscopic data are in agreement with literature [25]
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2. Control experiments

2.1. Trapping experiments with NBS

In order to investigate the conversion of starting material 25 in the first step of the reaction
sequence, the formed (E)-alkenylzirconium 24 was reacted with N-bromosuccinimide (NBS,
Scheme S1).

2 Cp,Zr(H)CI ¢ NBS X Br
xS~ Cpa (H) . X ZrCpsy o ©/\/\/
toluene, 1 h, 50 °C ©/\/\/ toluene, 18 h, r. t.
25a 24 S1
Scheme S1

Therefore, enyne 25a was dissolved in toluene, shielded from light and treated with Schwartz’s
reagent for 1 h at 50 °C. After cooling to room temperature, NBS was added, and the reaction
mixture was stirred overnight. The crude *H NMR spectrum of S1 showed no proton signals of
25a, thus starting material 25a was fully converted to 24. However, GC-MS analysis of the
crude product showed, apart from major product S1 only traces of three side products. One of
these side products showed an m/z = 208 [M — H] peak, which was presumably caused by the
regioisomer of S1, but this side product could not be isolated. Column chromatography yielded

S1in 88% vyield, indicating a major conversion of 25a to 24.
2.2. Crude NMR spectra

Crude products were filtered through a pad of silica before NMR analysis. Figure S1 shows (A)
the crude *H NMR spectrum of 27ap and (B) an expansion of the area between 6.45-7.65 ppm.
The double bond geometry was determined for example by 2-H signal and its coupling constant
3J4 = 14.9 Hz (highlighted as 2-H in Figure S1) indicating an (E)-geometry. Furthermore, 2-H

signals of the (Z)-27ap isomer could not be detected, revealing (E)- 27ap as only isomer.

However, in case of products with low yields, such as 27ac with 17%, crude product *H NMR
and GC-MS analysis revealed the formation of side products and decomposition of the starting
material in the reaction sequence. Nevertheless, no configurational isomers of 27ac were
detected by GC-MS, indicating a selective formation of the (E)-isomer. Figure S2 shows the
crude *H NMR spectrum of 27ac (A) and an expansion of the area between 6.40-7.6 ppm (B).
The (E)-geometry of the double bond was determined by the 2-H signal and its coupling
constant 3Jy = 15.2 Hz (highlighted as 2-H in Figure S2).
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Figure S1: (A) Crude *H NMR spectrum (400 MHz, CDCls) of 27ap. (B) Section of the crude
'H NMR spectrum of 27ap between 6.45-7.65 ppm, indicating the (E)-configuration of the C2—
C3 double bond with a coupling constant of 3Jy = 14.9 Hz.
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Figure S2: (A) Crude 'H NMR spectrum (400 MHz, CDCls) of 27ac. (B) Section of the crude
'H NMR spectrum of 27ac between 6.40—7.60 ppm, indicating the (E)-configuration of the C2—
C3 double bond with a coupling constant of 3Jy = 15.2 Hz.
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3. Analytical data

(E)-Undec-3-en-1-yne (25e)
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85 8.0 7.5 7.0 6.5 6.0 55 4.5 4.0 5 30 25 2.0 15 10 0.5 0.0
f1 (ppm)
Feb02-2022.81.1.1r g 2 g spomry o
2Kdlb KOL-488 = g g HEEAEN = to.ox10”
T VS
— vatae
1 DalfieMame  N{ddal KOS SO0 nne] 7
= E F8.0x10
2 resaz 20281 0
3 2 Kolb OL-488
4 Bruler BioSpin GmbH
5 qued v
5 mswaem pes F7.0%10
— e
8 Tempeise 360
9 PuwSequene  mpgdl
o tgeiner
11 prome 5 v PAO 85.11) D7 F6.0x107
GRD 2300701/ 0072
i
' 25800
1 Rdeaston ke 20000 b5.0x107
15 Pullse Widih 102000
16 Presaturalion
Fregquen
7 A e 15962
18 Acuisiion Date 2022-02-03T08 5900 7
19 Madificaion Dake  2022-02-03T090032 r4-0x10
20 SpEcl omneler 12576
Byl
21 Speckal Width 28947
[ —
. Nugeus 1c Lsox10”
24 Meguired Size 2768
25 Specwal Siee 2768
! 7
, F2.0x10
| FLox10’
» 0.0

30 220 210 200 190 180 170 160 150 140 130 120 lll)f EDD)QO 80 70 60 50 40 30 20 10 0 -0 -20 -30
1 (ppm
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D3 Deten-2022' aschat- 2022 Kolb-KOL448 Masse als lon 0203722 15:08:20
El positiv-kon, T0eV, A=-60000 ainfech positiv geladan KOL 448
ML:
1103 2.98E5
E 149,132 .
1003 Kolb-KOL448#1230-1238 RT:
3 8.53-8.57 AV:8SB: 11
803 16.73-1678 T: FTMS + p El
a0 Full ms [45.0000-550.0000]
703
603
503
403 150.1405
303
203
103
3 2.08E4
3 150.1403
1003 CiiHa:
a03 CiriHi
= p (gss, s /p40) Chrg 1
» 803 R: 60000 Res .Pwr . @ FWHM
g 703
0 -
-*:5 603
2 3
= 403
° 3
T 303
203
105
3 2.08E4
3 149.1325
1003 Gy Hyr
a03 Ci1Har
= p (gss, s /p40) Chrg 1
803 R: 60000 Res .Pwr . @FWHM
703
603
503
403
303
203
3 150.1359
103
0= T T T T T T [ T T T T [ T 11
435 149.0 1495 150.0
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(1E,3E)-1-Phenyltrideca-1,3-dien-5-one (27an)

Jan20-2022.80.fid
02 Kolb KOL437

Paramete b 6500
1 DatFile Ny dataj
Name :ﬁ:‘? o Leooo
Jan20-2022/
8
2 Tae nzo 2z
e
3 Cormment 02 Klb 5500
k03
4 ogm Boter
GmbH L5000
5 Ower  guea
o Inument et
7 sohemt  coa3
8 Temperalre 2980 4500
9 Puke 230
Sedune
10 Epurment 10
11 Prote Smm QO 4000
1H-31%
ek ? E(n
o 7.3 13500
. o (m) 50 Lo
a5
Goan
Detiy 7. L
15 Pulbie Wdlh 81500 2500
16 Prasstiasa
3115 Ls000
18 noquisiion 20301207
Dk 150
9 omcaton mzarT L1500
20 Spedramete 70036
Freenuener
21 Spedral 105042
Widh ~1000
2 lomst 19779
Frequancy
23 Nuclews pL
24 eqined 37768 Fs00
S
25 Spedral Size 65536
- L——L 0
P T i T
sHE B8 5 8 gz r-500
Znz 22 B z 5 =
.0 85 8.0 7.5 7.0 4.5 4.0 3.5 3.0 25 2.0 15 L0 0.5 0.0
f1 (ppm)
Jan20-202@81.1.1r Epsi=tlub g @ o
02 Kolb KQg437 SZESEERS g ZRIEIE 2
I I/ e [N | 12000000
Parameter . | 11000000
1 Data File
Name
2 s R
3 Comment 02 Kol KOI437 10000000
4 ongn Brules Bospin Gmbk
5 ower  ges
& swument  ped Lo0ooo0o
7 sawm oo
8 Tampestrs mao
9 Pusm gl
Sepene 8000000
0 Bpennat
11 Probe 5 mm CPQQA 1H-319/
3¢/ 15NJ D Z-GRD
2114851/ 0007
(7000000
2 Namierat 12
Scane
13 Receiver Gain 1825
14 Bdamaton 20000 (6000000
Detay
15 pusweon 120000
16 Presturaton
Frecuney 15000000
[ ——
Time
5 AusEe 2320120116180
Dk
19 Modcason 2220120716181 (4000000
Daie
20 Specwameler  176.11
Fraquency
2 ﬁrd 40760.9 3000000
2 wwes M7
Fraquency
2 Nudeus Bc
24 e Siee. 2678 (2000000
25 Specwal Siee 131072
1 I 1 | 1000000
o
F-1000000
210 200 150 180 170 180 4 30 220 W 0

100 S0 80 70 60 50
f1 (ppm)
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Massenspektrometrie - Universitat Stuttgart

Analysis Info Acquisifion Date  1/27/2022 3:10:41 PM
Analysis Name  Kolb-KOL£37_1_01_36765.d
Method tune-low-okicber-2019.m Cperator BDAL@DE
Sample Mame  Kolb-KOL437 Instrument micrOTOF-C 22888800
Comment 043
Acquisition Parameer
Source Type ESI lon Polarity Positive Set Nebulzer 0.4 Bar
Focus Mot active Sat Capillary 4500V Set Ory Heatar 200 G
Scen Bagin 50 miz Set End Plete Offset  -s00Y Set Dry Gas 4.0 Vmin
Scen End 1500 miz Set Colision Cell AF - 180.0 Vpp Set Divert Vae Waste
intars. +i%, 232 Smin §275-300, Background Subtracied
xo?
2531878
|
L 1
49 ||
E3 I
| | 481807
| !
| ft
] | 2951083
o I N M -
CygHyg0), Mnia, 253 1878
1+
2531876
1500
1000
1+
500 2941910
i+
298.1841
[l =L Wi
2328 2360 2655 2000 2005 2950 2955 296.0 2065 | miz
Bruker Compass DataAnalysis 4.2 prinfed:  1/27/2022 3:38:05 PM Page 1 of 1
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(E)-3-(6,6-Dimethylbicyclo[3.1.1]hept-2-en-2-yl)-1-phenylprop-2-en-1-one (27pa)

Feb03-2022.40.fid
02 Kolb KOL-452 ~21000
20000
Faramter Value L 19000
1 Dats Fike Name N dala/ ¥DLE 700/
::J..-r Febis-2022/ 40/ 18000
2 Feb03-2022 405
3 02 Kb KOL-452 17000
4 Bruker BoSpin GMbH
s qusst 116000
6 Indrumend sgect
7 Sakent a3
8 Temperalure 2980 [15000
9 Puise Sequence
10 Experiment 14000
11 Prabe ©qa 1-3%7/
130 15N/D Z-GRD
Zlﬂaslt‘iﬂﬂm 13000
12000
12 Number of Sans 24
15t an 205 L) | Kes)
14 Relastion Delay 20000 1138 || 080 11000
15 Puse wide 21500
16 Presatiration I(d) £10000
17 Acquisition Tame  1.1195 1.19
18 Ncquisition Dete  2022-02-03T15:2000 o000
19 Modfaton  202-02-ET15:020
Daie 18000
20 Spedromeler 70035
Frequency
21 Spedral Wi 105042 7000
22 Lowest -19772
Frequency Leooo
23 Nuchews 1H
24 Acquired Size 32768
25 Spedral Sie 65536 5000
4000
3000
2000
+1000
o
P by 1 i Py F-1000
g 5= g = Tzeyg 28 8
=& = = S S L2000
T T T T T T T T T T T T T T T
12 11 10 9 8 7 3 4 2 1 0 -1 -2
1 (ppm)
Feb03-2022.41.1. 1 op mzugn @ F 17000000
A == ST =id g EEEEEEL
02 kolb KOL-452 5 22 BAgEg 2 SeRmsaA
| WOOVENY AN +16000000
Parameler Vake 115000000
1 DataFile Name N datas KOLE 700/ nme/
Fen03-2022/ 414 pdataf 1/
1
2 Feb3-2022.41.1.0¢ (14000000
3 02 Kol KOL-452
4 Bouler BaaSgin G 113000000
5 quest
& Imrument sea
7 Sdwnt coa3 L12000000
8 Temperatue 290
3 PumSeqene  apgd
10 Experiment 10 11000000
11 Prabe 5 mm CPQCT 1H-317/ 13/
15N/ D Z-GRD 2114851/
10000000
12 Namber of Scars 512
13 Receives Gain 1825 9000000
14 Redafion Delay  2.0000
15 Pulse Widh 12.0000
16 Pressraion 8000000
Fraquency
17 Aquisiion Time 08017
18 Auison ate  2022-02-03T1554700 L7000000
19 Madiicalion Dale  2022-02-03T15:4709
20 Specirameler 17611
Frequency L6000000
21 Specwal Width 40760.9
22 Lowed Frequency 27707
23 Mudess 13 15000000
24 Acquired Size %78
25 Specral Sue 131072 |
4000000
3000000
| 2000000
|
1000000
-0
+-1000000

T T T T T T T T T T T T
210 200 1% 180 170 160 150 140 130 120 110 f %OO ) 20 80 70 60 50 40 30 20 10 ] -10
Ppm
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Massenspektrometrie - Universitat Stuttgart

Analysis Info Acquisition Date  2/4/2022 12:42:34 PM
Analysis Name  Kolb-KOL£52 4 01_368385.d
Mathod tune-low-okiobar-2019.m Cparator BDAL@DE
Sample Name  Kolb-KOL452 Instrument micrOTOF-Q  228888.00
Comment 043
Acquisition Parameter
Sourca Type ESl lon Polarity Positive Sat Nebulzer 0.4 Bar
Focus Mot active Set Capillary 4500 Sat DOry Heater 200 G
Scan Bagin 50 miz Set End Plate Offsst  -s00V Set Dry Gas 4.0 ¥min
Scan End 1500 mfz Set Coliision Cell RF - 180.0 Vpp Set Divert Yake Wasta
|"°Eﬂ5r;_ +MS, 1.9-2.3min #227-275, Background Subtracted, Smoathed |0L06,1,64)
o
Jn's.':I.-'N.'lﬂ
210 |
|
[
157 |
[
|
1.0 ||
H
|
B5] | | 2761826
[ 77,1467
o VA e, S
CaHzel, M+ribla, 275 1306
1+
275 1406
1500
1000
500 1+
276.1440
1+
271.1471
o b 2T
zia 5 s e Er 2ra mz
Bruker Compass DataAnalysis 4.2 prinfed:  2/4/2022 1:54:47 PM Page 1 of 1
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1-Ethynyl-2,2,6-trimethylcyclohexan-1-ol (35) (diastereomer 1)

Feb23-2022.20.fid
2 Kolb KOL464F1

peter

Data ke
Name
Tite
Conment
Origin
Owner
Ings
Sakvert

Temperatire

Pule
Sequence
10 Exgeriment
11 Frose

12 Number of

13 Recsier Gain

14 Relaxation
Detay

15 Pulse Width
16 Presabiation
Frequency

19 Madification
D

Value

Ny dataf KOLB_S00¢
e Febi23-2022] 20/
]

Feb232022 2054
2 Kol KDLAGHF L
Bruler BiaSpin GmbH

5 i PAGBO BB~ 11/ O
2-GRD 2800701/ 0072

E

270
2000

112300

ERCEL]
M22-02-23M0939100

2022-02-23T093337

20 Spacromeer 50036
Frequen
21 Spedral Wl 103306
22 Loawest 21357
Frequency
23 Nucseus W
24 Acquicad Sze 2768
25 Spedral Sz 65536
o 2 we o oo
& 2 e e 3§
Z z R S
T T T r T T T T T T T T T T T
75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)
Feb23-2022.21.1.1r a o @ aam [ gaN ey =]
2 Kolb KOL464F1 2 2R EaE BEEA =
.
1 Daia File Hame My datal KOLE 500/ nmrf
Feb23-2022/ 21/ pdatar 1/
u
2 e FabZIImI2L A0
3 Camment 2 Kalb KDL464F 1
4 Origin B uber BioSpin GmiH
5 owner quest
5 Intrument ped
7 Sohent @m
8 Tempeamrs 260
9 PubeSequence  xpgld
10 Experiment »
11 Pecme S fan PABID B-1H/ D 2-
'GRD ZE0OP1/ 0072
12 Number o Smns 1024
13 Rewiver Gain 25800
14 Relsxation Delsy 20000
15 Pulse Width 10.2000
902
M22.02-23M0 3490
19 Modifistion Date 2022-02-23T105421
20 Spedromeler 12576
21 Spedral Widih 28947
22 Lowest frequengy -3871.1
23 Nudews Bc
24 hequied Sum 768
25 Spedral Size 2768
|
J ] J
T T T T T T T T T T T T T T T T T T T
115 110 105 100 95 85 8 75 70 45 40 35 25 20 15 10 0

100000

90000

80000

70000

60000

50000

40000

30000

20000

+10000

ro

F1.60x10°
F1.50%10°
F1.40x10°
F1.30x10°
F1.20x10°
F1.10x10°
F1.00x10°
19.00x107
F8.00x107
+7.00x107
F6.00x107
F5.00%107
r4.00x107
F3.00x107
F2.00%107
F1.00x107
10.00

F-1.00%10"
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DiDeten-2022Laschat-2022 Kolb-KOL454F1 Touele=200°C 02724722 14:08:47
El positiv-kon, 70eV R=G0000 Exactive GC
165.1274 ML:
1003 7.77E5
a0 Kolb-KOL4B4F1#2618-2640
3 RT:8.89-8.94 AV:23 SB: 41
803 8.30-8.87 ,8.96-0.00 T: FTMS
3 +p El Full ms
703 [50.0000-550.0000]
604
503 166.1351
403
203
203
103 167.1384
e |
00— 165.1274 NL:
1003 2.08E4
04 CyyHpy Oy
3 Ci1Hi7 O4
804 p (gss, 5/p:40) Chrg 1
o o] R: 60000 Res .Pwr . @FWHM
B 603
3 =
2 503
m —
= 403
o =
& 303
203
3 166.1308
109
o3 167.1336
00— 168.1352 NL:
1003 2.08E4
04 CyyHug Oy
3 Ci1Hia Oy
804 p (gss, 5/p:40) Chrg 1
03 R: 60000 Res .Pwr . @FWHM
603
503
403
303
203
3 167.1388
109
0= T T | A R A R RS R R
165 166 167
mz
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1-Ethynyl-2,2,6-trimethylcyclohexan-1-ol (35) (diastereomer 2)

Feb23-2022.30.fid
2 Kolb KOL464F3
60000
Par amvater Vakue
1 DawFileName My dats/ KOLB SO/ e/ 55000
Fet23-2022/ 30/ &
2 Tie Feb23-2022.30.Md
3 conmet 2k K0ME471
4 Origin Bruker BioSgin GmbH 50000
5 Gwner guet
§ Twaner e
7 sawnt o
8 Temperature 2060 (45000
o Pumssqune g0
10 Experiment 1D
R 40000
12 Nursber arscans 32
13 Recemes Gain 3220 L3500
14 Reasafion Delay 20000
15 pumwin 11230
16 Presatwason
Fraquency [
17 Acuisiion Time 34720 A(s) B(m)| [ (m) | H 30000
18 Nusen Date 202-@- BT3B .43 187 | | 145 |1
19 Madtcaion Dae 20202 BTI3DT
n speavama s003s E(m) 25000
21 Specrs WA 10308 1.33
22 Lawed Frequency -20925
23 Nugess m
24 Auired S 32768 20000
25 specraisue 658
F15000
10000
5000
A W Lo
iy i R
g 4 g2 one
=] G dice Gms F-5000
T r T T T T . T . T . T T r T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
Feb23-2022.31.1.1r ngg TmmUnesy [L-rux
2 Kolb KOL464F3 TEE BEEHERZE
7NN I 1 N1 F1.60x10°
——— vaue o
F1.50x 10
1 Dala File Hame Ny datal KOLE_ 500/ meme)
Feb23-2022) 31/ pdatal
1 y
2 Te Feb23-202231.14r [1.40x10
3 comment 2 xeib L4673
4+ onign PI—— 5
5 Owner quest [1.30x10
6 lnmanet  mea
7 Sawat @@ _1_20)(108
8 Tampersue 260
o pusesequens  mpgi
10 Epednent 1 L1.10%x10°
11 Probe S mm PABBO B8-1H/ D Z-
 zoa1 072
F1.00x10°
12 Numbsr of o 1024
13 Reconver G2 28000
14 Relwason Detay 20000 F9.00x10
15 s wian 12000
16 Presatuaton S
Freguany £8.00x 10
17 Meguisiion Time  0.9952
18 Mguson Date 022-02-23T14:1690
19 Modificaion Date  2022-02-23T14:16:49 7.00% 107
20 Specromets 12576
Fregimny
4 Speckd Widh 124347 L6.00x107
22 Lowest Frequency 38711
23 Nusess e
24 Mguied Sim 32768 Ls.oox10’
25 Spucwd Size 2768
F4.00x107
F3.00x107
| r2.00x107
i 1 I 5
| i F1.00x10
B
“ +0.00
F-1.00x107
T T T T T T T T T T T T T T T T T T T T T T T T T T
30 220 210 200 190 180 170 160 150 140 130 120 110fl %00 ) 90 8 70 60 SO 40 30 20 10 -0 20 -30
Ppm
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D4 Digten-2022' aschat- 2027 Kolb-KOL484F3 Touale=200°C 0224722 14:43:30
El positiv-lon, 70V Fi=G0000 Exactive GC
ML:
1105 1.95E6
1003 185.1274 Kolb-KOL464F 382646-2665
E AT: 8.95-8.98 AV: 20 SB: 141
804 8.81-8.87 . 9.06-9.31 T: FTMS
203 +p El'Full ms
3 [50.0000-550.0000]
703
603
503
3 166.1352
403
303
203
103
3 167.1389
D: 1
ML:
I 185.1274 2084
1GE}§ . CiyHy7 04
L= Cir1Hiz Oy
3 p (gss, s /p40) Chrg 1
o 803 R: 60000 Res .Pwr . @ FWHM
o |
g 703
E 603
2 3
& 403
] |
303
203
E 166.1308
105
03 167.1336
ML:
I 166.1352 2084
1003 . CiiHi Oy
203 Ci11Hig Oy
3 p (gss, s /p40) Chrg 1
803 R: 60000 Res .Pwr . @FWHM
703
603
503
403
303
203
3 167.1386
103
e
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2-Ethynyl-1,1,3-trimethylcyclohexane (25q)

Feb?4-2022.30.fid
2 Kolb KOL465_2F1 | 140000
P— el L 130000
1 Data file Name N:/ data/ KOUS_500/
:_:Juu‘ Feb24-2022/ 30/ _120m0
2 Febe 02230 8
3 A ———
4 Brukier Besgin 110000
5 Owmer guest
6 mawmen  spert
7 Sobvent furlac)
8 Temperawre 2950 71mm0
9 Pulss Sequence 2930
10 Experimnent 1D
11 Probe S mm PABBO BB-1H/ D 90000
= a%0 momraty sar2
12 Narber of 32 80000
13 Receiver Gain 2280
o osen 2000 L70000
15 Pulse Width 112300
16 Pesmuratin
Feaeny Lsoooo
1720
2022-02-24T10:30:00 ,Smm
19 Mdfion 202202 24710303
e
20 %4::::: der 50016 40000
21 Spedsal Wit 103306
22 lowest -20026
Frequency L30000
25 tews 14
24 Mequived Size 32763
25 Spedral S 65535 —2[!)[_‘0
10000
Ly kf'm u_,JJL. Lo
T T T iy
g R85 F"! F-10000
Z SR i 2
T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)
8
— o EE] B HEEMA § =
I [ AR | L1605 10°
Parameter Vakue "
1 DataFile Name Ny dals/ KOS 500/ r1.50x10
e/ Feti4-2022/ 31/
pdda/ 1/ 1 ’
3 e Fetz42022 31 11 F1.40% 10
R T ——
4 O Bruker BeoSpin GmbH 8
5 e quest F1.30%10
6 nwument et
7 Sdwnt o 8
8 Temperalwe 2960 1.20x10
PR —
10 Esperiment 10 8
11 Probe 5 st PABBO BB-1H/ D 1.10x10
2-GRD 2800701/ 0072
F1.00x10°
12 Haerar 1024
Saans
13 Receiver Gain 25800 Lo.00x 107
14 Rtz 20000
ety
15 Pulse Widh 102000 7
16 Presaluralion [-8.00x10
Fresueney
17 aumen 03w
T £7.00x107
18 nepusmon 207202 MT112400
Do
19 NoMialon 2K HTIEMSS L6.00%107
e
20 Speckametsr 12576
Frequengy 2
21 Speckal Wi 120947 [5.00x10
2 towes =
Frequency =
35 Madess 130 14.00% 10
DV —
25 Specval Sze 32768 7
F3.00%10
| r2.00x107
|
. ‘ i F1.00x107
| JA L oo
F-1.00x10"
T T T T T T T T T r T T T T T T r
50 150 140 130 120 110 100 80 50 40 30 20 10 0
f1 (ppm)
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D4 Daten-2022 L aschat-2022 Kolb-485_2F1 Tauele-200-C 0224122 15:15:28
El positiv-lon, 70V Paak 1 Exactive GC
ML:
110; 1.42E8B
. Kolb-465 2F1£#20168-2040 RT:
1004 148.1248 7.53-7.59 AV:255B:84
. 742749  TBI-7TIST:FTMS
a0 +p El Fullms
B [50.0000-550.0000]
80+
s 73
o -
E 80
= -]
< -
2 507
k- -
s 40+
304
20+
] 148.1280
104
03 150.1312
ML:
1103 2.08E4
= 148.1247 Gy Higl
1004 Cu His
= p(gss, s /p0) Chrg 1
ap R: 60000 Res .Pwr . @ FWHM
80+
704
60
50+
40+
30+
20+
3 149.1281
104
3 1560.1315  151.1349
t}_|||||||||||||||||||||||||
147 148 149 150 151
m'z
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(E)-1-Phenyl-3-(2,6,6-trimethylcyclohex-1-en-1-yl)prop-2-en-1-one (27qa)

Apr08-2022.60.fid
2 Kolb KOL488 120000
Parameter Vakie L 110000
1 Damfie N dats/ ¥OLE SO0/
Name nmef Apr08-2022/ 60/
5d
2 Agx08-2022 50 54 L100000
3 2 Kab KOS
4 Bruker BaSgin GMbH
s quest
& Dsvavent  ged Logooo
7 Sawent a3
8 Tengesies 290
3 pusm =30
Sequence
10 Expediment 10 (80000
11 Probe 5 e PAGED -1/ D
2.GA0 zaoa701/ 0072
70000
12 Mumber of
Sans
13 Receiver Gain
14 Redaa ot
Dy 160000
15 Puise Wideh
16 Presaturaion
Frequency
o fmusme 3470 150000
18 Aguision 2022-04-08T1033400
Dale
9 MGt 2229490 Laoo00
20 Specromeler  500.16
Frequency
21 Specwd Width 103305
Iruweal 21293 30000
requency
23 Mudeus 1
24 AguiredSize 32768
25 Specwd Size 65536 L20000
U 10000
’ b1 1p
T T R P
o <@ = - goo n
=1 =8 g ¥ 8HCZ g
o i = A @i & -10000
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 L0 0.5 0.0
1 (ppm)
Apr0s8-2022.61.fid o NEmgszug o 60000
2 Kolb KOL48S E R R I B BHRE  F8
2 ToHanaan BRHE =R
NS VYS AV
55000
Parameter Value
1 DataFie N data) KOWB_500/
Hame e | Agr Q8- 2022/
61/ 8d F50000
2 THe Apr08-2022 61.6d
3 Comment 2 imib LS
4 Druer Brasgin G
5 gues 45000
& Dsbumenl  sed
7 Sdwent @
3 Tenpersure 2960
9 Pus Mpgio 40000
Sequence
10 Eperiment 10
11 Prabe 5 fen PASDO B5-1H
D Z-GRD 2800701/
£35000
2 Namberaf 513
Scans
13 Receer Gain 23000 ~30000
1 Reaaion 20000
Dsiay
15 PusWah 102000
16 Presatiration
Frequency 25000
17 Aquisision 03962
Tae
B Aguston  2022-04-08Ti04300
B 120000
19 Matifcaion  2022-04-08TI18415
Date
20 Specwomeler 13578
Frequency
7 Speckal  RA94T -
spean 15000
2 lawes 38711
Frequency
T Madess 1€
4 Acyuired Size 12768 10000
25 SpecwalSize 65536
: 5000
Il J L.l .. Lo
+-5000

T T T T T T T T
30 220 210 200 190 180 170 160 150 140 130 120 110rl %00)90 8 70 60 50 40 30 20 10 0 - -2 -0
Ppm
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DA2022. \Kob-KOL4BS 12
ESl am Exaciive Plus

04708722 14:27:40

Relative Abundance
wn
7

2551741
2561773
ET_I‘IBM
2551743
2561777
EW.I‘IBH
L AR A LAAH MRS LA LAY UL Wb R ) I R ) R A M) Rl Lk LA L
255 256 257 258 259
miz

ML:
1.77E9

Kolb-KOL488_12#141-171 AT:

0.63-0.76 AV:31 SB: 208
0.27-0.54 ,0.88-1.52T: FTMS
+ p ESIFullms
[50.0000-750.0000]

ML:

8.20E5
CigHo O £H:
CisHz Oy
pa Chrg 1
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(2E,4E)-2,4-Dimethyl-1,5-diphenylpenta-2,4-dien-1-one (27ha)

Julo7-2021.400.fid
02 Santos SAN30F7 F1400

+1300

Parameter Vahie

Data il Name N data/
s

Tos_ 400 L1200
e/
107-2024¢
2 T 2ui07-2021.410
54 1100
3 Commeat 02 Sanios
ENE
4 Origin Druer Biasgin
e L1000
5 Gwner quest
& Tndmment  sect
7 Sohvet @
900
8 Temperawre 280
9 Pube Sequence 130
10 EBgerment 1
11 Prabe 5 men PASED 800
5 19714 D
zGao
2103618/ 0305
=700

2o B (dd) AS)
13 Recsiwer Gain 2053 7.70 6.63

14 Relaxation 10000 600
Delay D (dd

15 PukeWidih 137000

16 Presuuration 745

| |

Frequency 500
17 Acquisian 4084
Time
18 Acquiston Dale 2021-07-07T13
5200 (400

19 Madificdion  2021-07-07T43
ate 5283

20 Spedramen:  400.10

Eoris 1300
21 Spedsal Wam 80128
22 Lot -1545.3
Frequency
23 Hudeus #H 200

24 Mequined Sze  T2768
325 Spedral S 65536

LJ'-«J -

0

L1g
205
1.00—
105

1891
S o
051
508-]

=100

0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 {(ppm)
JUn28-2028:31.fid BEBENE YRR TS 122000
2 Santos SAN-30/2 SREARARARNLE
| | | 21000
Parameter bz L20000
1 DstaFieName N/ daisf
SANTOS 500
e ' 15000
Jun28-20217 314
T
2 THe B8 2021345 18000
3 Comment 2 Sanios L17000
saN-30/2
4 Ongn e Basiin (16000
5 Owmer ques.
§ Dstument  spedt L15000
7 Sabent o
8 Temperwre 2950 L14000
9 PulseSequence 290930
10 Egeriment 1D
11 frame 5 mmean 13000
B8-1H/ D ZGRD
za0a701; 0072 L12000
12 Number afSens 1024 11000
13 fecsier Gain 25800
14 Relaxaton Deisy 20000
15 PulsWidh 102000 r10oco
5 n 2
Femeny 9000
17 equisifon Teve 09962
18 pequisibon Dake 2021-06-24T16: Lsooo
5390
9 pufaon W03 (7000
0 Spedrometsr 12578
Frequeny
2 Spedeal Wl 328347 6000
2 lowes -am2a
Frequency ~5000
23 Muteus 13c
2 hequredSie 32768 L4000
= Speqal S 6553
3000
F2000
1000
to
1000
F-2000

210 200 190 180 170 160 150 140 130 120 lfllo( )100 90 80 70 60 50 40 30 20 10 o
Ppm
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Massenspektrometrie - Universitat Stuttgart

Analysis Info Acquisition Date  &/29/2021 5:20:52 PM
Analysis Name  Santos-SAN-20-2_17_01_32835d
Mathod tune-low-oktobar-2019.m Oparator BDAL@DE
Sample Name  Santos-SAN-20-2 Instrument micrOTOF-Q  228888.00
Comment 043
Acquisition Parameter
Sourca Type ESl lon Polarity Positive Sat Nebulzer 0.4 Bar
Focus Mot active Set Capillary 4500 Sat DOry Heater 200 G
Scan Bagin 50 miz Set End Plate Offsst  -s00V Set Dry Gas 4.0 ¥min
Scan End 1500 mfz Set Coliision Cell RF - 180.0 Vpp Set Divert Yake Wasta
intens.. +iS, 19-2.1min #229-253, Backgraund Subtracted
x07
2851281
210 .
1.5 l.
|
1.04 |
{l
054 Il 2861279
[ I | 2871307
o . A A .
LM, M+nibla, 285 1250
i+
2851250
15004
1000
500 1
2861784
1+
287.131%
i A —
285.0 2855 286.0 D865 ET0 28T S 2880 2ARS | miz
Bruker Compass DataAnalysis 4.2 printed:  &/29/2021 5:36:58 PM Page 1 of 1
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(2E,4E)-2-Methyl-1-phenyl-5-(p-tolyl)penta-2,4-dien-1-one (270a)

Julos-2021.30.fid
02 5antos SAN-62-F2

D(d)
7.37

B (m)
6.93

F (m) | C(m) || A(d)
7.52 | 7.15 || 6.76

Parameter

Data File
Name

origin
Owner
Tnsyument
Saent

Tesnperatue

R

Pulse
Sequence
10 Experiment
11 Prabe

12 Number af
Sams

13 Receiver Gain
14 RedaBen

15 Pulse Width
16 Presalu atian
Frequency
17 deguisiEion

Tine
18 Acquision
ale
19 Madiicatan
Date:

20 Spectametes
Frequeney

21 Specwal Wiah

22 Lowes
Frequency

23 Nudeus

24 Aeuived Size

25 Specval Size

Value

M dataf

SANTOS_ 700/ e
1u05- 2021/ 3 §d
10520213050

02 Santes SAN-62-72
Bruker BSpin GmiH
quest

spect

o

2980

£

10
5 mn CPOCT 1H-319)

13/ 15Mj DZ-GRD
2114851 0007

16

213
20000

8.1500

ERSEH
2021-0-05T10:58:00
2021-W7-15T10:S8 56
70038

10542
-m278

M
32788
65536

B
L T fod
$8=% & & 8 = 8
g R - Mo
T T T T T T T T T T T T
8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 4.5 3.5 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
JulDs5-2021.33.1.1r RN EIRAER 2SN o @
02 Santos SaN-62-F2 CEEANECSEERE s o
I LS | I
Parameter Value
1 Dau File Ny dataj
Name SANTOS 7007 e /-
mgs-zazu 31 pdatay
2 uM5-2021.31. 1.1
3
4
5
& Inswument
7 Sdwent
8 Temperalure
9 Pl
Sequence
10 Eperiment 10
11 Prabe S mm CPQCT 1H-31P/
13C) 15N/ D Z-GRD
21148517 0007
12 Number af 512
Seans
13 Receiver Gain 1825
14 Redaxason 2.0000
Delay
15 Pulse Widh 12.0000
16 Presaluraion
Frequency
17 Mhequision 0.8017
Thme:
18 Mequisilon 2021-07-05T112400
Daw
19 Madicaion 2021-07-05T1124:21
Dae
20 Speckameter 17611
Frequency
21 Speckrd Widh 407509
22 lowed 27M.7
Fraquency 1
23 Nudeus 1BC
24 Mguired Siz 32678
25 Specrd Size 131072
1 I 1 1
N
| ‘l I
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 1 EDD ) 90 70 50 40 30 20 10 o -10
pprm

+18000

17000

16000

~15000

14000

13000

+12000

+11000

~10000

9000

8000

7000

G000

+5000

4000

~3000

2000

1000

0

+=-1000

11000000

~10000000

9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

0

~-1000000
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Massenspekirometrie - Universitat Stutigart

Analysis Info Acquisition Date  7/13/2021 7:40:38 AM
Analysis Name  Sanfos-3AN-62-F2_1_01_33181.d
Mathod tune-low-oktobar-2019.m Oparafor BDAL@DE
SampleName  Santos-SAN-c2-F2 Instrument micrOTOF-Q  228888.00
Commant 043
Acquisition Parameier
Sourca Type Esl lon Podarity Positive Set Nebulzar 0.4 Bar
Focus Not active Set Capillary 4500V Set Dry Heatar 200 T
Scan Bagin 50 mfz Set End Plate Offset  -500% Sat Dry Gas 4.0 Fmin
Scan End 1500 mfz Set Colision Cell AF - 180.0 Vpp Sat Divert Vake Wasie
|"|E";1—' +05, 1.5-2 Omin #230-236, Background Subtracted, Smoothed (006,1,64)
1
2851246
25 il
210 |
1
1
1.5 |
(1]
1.0 |
05 | Jﬂél.:!.l."h
! 871372
- :
[l == — —
CaMal, M+nNa, 285.1250
1+
2851250
1M
|
1500 |
11
1000 |
||
| 1
5007 | 286.1284
( i
{ | 1%
| | i 2071318
ob— . T e , —— T : .
2845 2850 285.5 2860 286.5 2870 2875 283.0 miz
Brukar Compass DataAnalysis 4.2 printed:  7/13/2021 8:16:36 AM Page 1 of 1
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(E)-(4,4-Dibromo-2-methylbuta-1,3-dien-1-yl)benzene (29f)

Jun18-2021.40.fid
02 Santos SAN-56
[— o
1 DemFike Ny dem
Name 03700, aevef
Junia-202 407 &
2 Tae Junt8-202140.10
3 Commest 02 Samos SAN-56
4 origin Seuiier BoSgin GbH
5 omner ques.
& Indrument  spect
7 Sohemt  Com
8 Tempersire 2380
9 pube 2
Sequene
10 Exgmrinent 10
11 Pease S mim CQEL 14319
131 15M) D 2-GRD
114851/ 0007
12 Numbacat 16
in 242
20000
E|(d) 21500
227
EPPEH
2021-06- 17135700
19 Modiean  2021-08- 1ATL3S7:0L
Dak
20 Speckomeler 70036
Frequency
2 Speal 105042
Wham
22 Lawest -1m17
Feequency
2 Nuces
24 Aequicad Sis 12788
25 SpeckalSizm 85535
b L
== B 2
i = o
T T T T T T T T T T T T T T T T
8.5 8.0 7.5 65 60 55 50 45 3.5 3.0 25 2.0 15 1.0 05 0.0
f1 (ppm)
JUNL8-2021.41.1.1r BEaENeE a o
02 Santos SAM-56 R IS ~
Farameter [
1 Dam Fil Mame M data/ SANTOS 7000
nime und8-2023 41/
2 182021 411 3¢
3 02 Santas SAN-56
B Brukes BsaSpin G
s quest
§ Insrument  spct
7 Sdwnt e
8 Temperalre 2930
9 Pum Sequene zpg30
0 Eperiment 10
11 Prabe S men €PQCT 144319/
13/ 150/ 02630
11485 0007
2 Numberaf 512
Sans
13 Rceior Gain 1825
14 Rebaxation Delay 20000
15 puswidn 12000
15 Presataton
Frequency
17 Acjuision Time 08017
18 Acuision Date 2021-065-18T142290
19 Modkaon  2021-05-WTL42236
Dak
2 Speckamels 17611
Frequeney
2 Speckal Wt 407609
z 2707
Frequency
2 Nudeus 13¢
2 guiredSie 32078
5 SpecvaSue 131072
‘ | \ |
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 0 70 s 50 4 30 20 10 0 -10

140 130 120 110 _ 100
1 (ppm)

30000

28000

26000

24000

~22000

20000

~18000

16000

~14000

12000

10000

8000

6000

4000

2000

~22000000

21000000

20000000

19000000

~18000000

17000000

16000000

15000000

~14000000

~13000000

+12000000

11000000

~10000000

F9000000

8000000

7000000

~6000000

5000000

4000000

3000000

2000000

1000000

0

-1000000

~-2000000
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DAXealibur\data\sanips-san-56-hr-c1 &21/2021 2:42:24 PM

E| positiv-lon, 70e, R=8a00, dyn. HR, &-scan Santos SAM-56
301.9125 ML:
100+ 8.25E4
m santos-san-56-hr-c1#19-76
00 RT: 1.97-4.20 AV:58 SB:
7 3 0.12-0.20 T: + ¢ El Full
] ms [ 280.50-307.50]
80
70
& _
Qo -
& 607
e -
3 7 299.9144
< 50 ' 303.9108
=z _
£
5 407
o -
30
20
] 302.9161
104
] 300.9179 304.9142
o 301.9129 hL:
1005 4.45E5
] C11Hyg Brz:
90 C11 Hqp Brg
i C (gss, s /p:40)(val) Chrg O
- R:0.1 Da @FWHM
80
70
60
. 299.9149
507 303.9109
40
30
20
] 302.9163
103 300.9183 304.9142
] 3059176
07 e e
298 300 302 304 306
m/z
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(E)-(2-Methylhex-1-en-3-in-1-yl)benzene (25j)

Jun09-2021.20.fid
2 Santos SAN-43-F2
110000
Parameter Vakue | 100000
1 DataFike N:f data/
Hame SANTOS. 500/ nme/
JunlB-2021 20/ &d
2 Jun03-2021.20.8
3 2Sanios SAN-43-F2 [F90000
4 Buter Bospin G
5 Owner gues
6 Indument  smed
7 Sobvent @@ -80000
8 Tempealwe 2960
3 Puke 230
Sequence
10 Experiment 10 70000
11 Prame 5 e PAZDO B8-1H] D
Z-GRD 7800701/ D072
= 160000
13 Recsiver G 3520
14 Relawation 20000
Delay
15 Pube Wdm 112300 L 50000
15880
Tane
18 JD\u.a.l'n.iiun 2021-06-09T09 23:00 40000
s
19 MadifaSon  2021-05-09T0923:58
Dee
20 Spedrometer 50016
Froqueney. | 30000
21 Spedral Wik 10330.6
22 Lowest -20925
Fregquency
23 Mudies ™
24 Mcquiced Siz 15384 20000
25 SpedralSize 65536
10000
- Lo
T i T i
~n o il @ g
== bl = S =]
o = i i - I--10000
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 2.5 5.0 4.5 0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
Jun09-2021.21.fid npEe8R e o - [
25artos SAN-43-F2 EERLEE g 0 EER
14N (. [ 75000
Parammeter vale
70000
1 DstarileMame My dabsj SANTOS SO0/
nme/ un08-2021) 21§ §d
2 T 492021215
3 omment 2 Sanios SAN-43-72 (65000
4 Origin Bruker BoSgin GmbH
gqued.
i spet 60000
oo
8 Tempemwre 2950
9 PulseSequence  2gpg30 55000
10 Experiment 10
11 Prate 5 mm PATSO BB-1H/ D Z-
GRD 2300701 0072 +50000
12 Number ol Sans 1024
13 Fucser Gain 25800 45000
14 Relaxaion Delay  2.0000
15 Pulse Wt 1020m
16 Presauration 40000
Frague
0.8z
2021-06-09T10:17:00 135000
2021-05-09T10:1802
20 Spedromeler 12578
requeny
21 Specral Wl 328M47 (30000
22 lowest Frequeney -38711
23 Mucseus 13c
24 Acquired Size 32768 25000
25 Spediral Size 5536
20000
15000
I
10000
| ]
! 5000
Jl 1 | |
L L | o
~-5000

T T T T T T T T
30 220 210 200 190 180 170 160 150 140 130 120 llOﬂ%OO)SO 8 70 60 S0 40 30 20 10 0 - -2 -3
ppm
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DX caliburdata'samos-san-43-hrci & 1772021 E5E:07 AM
El positiv- lon, 70e¥, A=8300, dyn. HR, &-=scan Santos BAN-43
170.1096 ML:
100 2.22E5
] santos-san-43-hr-c1#27-58
90— RT: 1.97-3.10 AV:32 SB:
] 3 013-0.20T: + c EI Full
. ms [ 166.50-183.50]
80
70
o 7
&) .
5 60
o .
c ]
2 507
) .
'..% -
= ]
T 407
[ & -
30
20
7 171.1130
IDE 168.1017
UE 16?.?858 172.1162
170.1096 ML:
1005 8.68E5
] CraHqa
90 CiaHia
- c (gss, s /p:40)(val) Chrg 0
] R: 0.1 Da @FWHM
20
704
60
50
404
30
20
1 171.1129
10
E 172.1163
U—|||||||||||||||||||||||||||'|||||||
167 168 169 170 172 173
mz
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(E)-(4-Bromo-2-methylbut-1-en-3-in-1-yl)benzene (25n)

Jun17-2021.40.fid
02 Santos SAN-48
+25000
arameter Valse
1 DatafileMame N dala] SANTOS 700/ nmef
1720217 0] 54
2 TEe hin17-2021.405
3 comment 02 Sanios SAN-48
4 oign Beuler BiaSpin GuisH | 20000
5 Ower quest
& Intrument e
7 Sohedt coas
8 Tenperabie 290
9 PkeSequeme  x
10 Experiment 1
11 rabe S man CPQET 1H-319/ 1307
15N] D Z-GRD T114851/
o7
+15000
12 Hamber of Scans 16
13 Recdiver Gan 225
14 Felaxation Delay 20000
15 Fulse Width 150
16 Fresuration
Freguency
17 feqisiEon Tve 31195
18 AcqisonDale  2W1-06-17TIES5000 (10000
19 Mudificaion Date 201-06-17T08 5056
20 Spedrameter 70038
Fregquancy
21 Spedral Wt 105042
22 lowest Frequency  4937.5
23 tuceus 1
24 Aquired Sue 3mea
25 Spedral Sz 65538
L5000
1 ol . Lo
o ! |
51 8 &
Ge - ci
T T T T T T T T T T T T T T
12 11 10 9 8 7 6 3 2 1 0 -1 -2
1 (ppm)
Junl7-2021.41.1.1r a8 853 = . b
02 Santos SAN-48 B8 BEN 2 8 3 E 2soeonn
AT I | I I [24000000
+23000000
Parameter Vake
~22000000
1 Da File Hame Ny data) SANTOS 7000 nme
Jin17-2021] 41 gaata 1] 1r 21000000
2 Hn17-202141.1.30
3 02 Sanios SAN-48 L20000000
4 Seues BiaSgin GmbH
H quest 15000000
& Inswument et
7 saent a1 +18000000
8 Temperatire 2.0
9 Puw Sequence ZpgN ~17000000
10 Eperiment 1
11 Probe SO 131/ 1K 16000000
TR0 Ti 148 1) 007
[-15000000
12 Number afSeans. 512 14000000
13 Receiver Gain 1825
14 Relabon Delay 20000 13000000
15 Puse Widh 120000
15 Presawason 12000000
Frequengy
17 Acquision Time as017 11000000
18 Aguisiion Date 201-06-17T 101600 L10000000
19 ModfcafonDak 201051770621
2 Specvametes 17611 L.
smames 5000000
21 Speced Width 47502
2 loed Fraquency 27707 8000000
2 Nudeus 13:
4 Mcquined Size %7 7000000
5 Specta Size 131072 Leooo00o
: F5000000
=4000000
3000000
|
[2000000
1 | ! ! 1000000
I L | L I L Lo
[-1000000
-2000000

T T T T T T T T T T T T T T T T T T T T T T T
210 200 1% 180 170 180 150 140 130 120 110 1 %00 ) a0 80 70 60 50 40 30 20 10 0 -10
ppm
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DX caliburdata'samos-san-48-hre-ci

E1 82021 730:42 AM

El positiv- lon, 70e¥, A=8600, dyn. HR, &=scan Santos
ML:
100 219.9889 221.9870 575E5
] santos-san-48-hr-c1#52-76
304 RT:3.81-4.89 AV:25 SB:
] 1 160 T:+cElFullms [
7 202.50-233.50]
80
70
o 3]
8 7]
& B0
T 7]
£ 5]
.- 220.9802
5 40 218.9825
1 .
30
20
. 222.9903
104
0 219.0888 NL:
100+ ’ 221.9868 4.50E5
E G141 HgBry:
90 C11 Hg Bry
] c (gss, s /p:40)(Val) Chrg 0
] R: 0.1 Da @FWHM
80
70
60
50
404
30
20
7 200.9921 | 222.9901
104
D:||||||||||||||i||||||
2186 218 220 222 224 226
mz
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